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BY  HOWARD  J.  ROGERS  A.M.,  LLD. 


Tax  forces  which  bring  to  a  common  point  the  thousandfold  ene^pes 
of  a  universal  expo^tion  can  best  promote  an  international  congress 
of  ideas.  Under  national  patronage  and  under  the  spur  of  interna- 
tional competition  the  best  products  and  the  latest  inventions  of 
man  in  science,  in  literature,  and  in  art  are  grouped  together  in  orderly 
claanfieation.  Whether  the  motive  underlying  the  exhibits  be  the 
promotion  of  commerce  and  trade,  or  whether  it  be  individual 
ambition,  or  whether  it  be  national  pride  and  loyalty,  the  resultant 
is  the  same.  The  space  within  the  boundaries  of  the  exposition  is 
a  forum  of  the  nations  nhere  equal  rights  are  guaranteed  to  every 
representative  from  any  quarter  of  the  globe,  and  where  the  sover- 
eignty of  each  nation  is  recognized  whenever  its  Hag  floats  over  a 
national  pavilion  or  an  exhibit  area.  The  productive  genius  of  every 
governed  people  contends  in  peaceful  rivalry  for  «-orld  recognition, 
and  the  exposition  becomes  an  international  clearing-house  for 
practical  ideas. 

For  the  demonstration  of  the  value  of  these  products  men  thoi^ 
oughly  skilled  in  their  development  and  use  are  sent  by  the  various 
exhibitors.  The  exposition  by  the  logic  of  its  creation  thus  gathers 
to  itself  the  expert  representatives  of  every  art  and  indu8tr>*.  For 
at  least  two  months  in  the  exposition  period  there  are  present  the 
members  of  the  international  jur>'  of  awards,  selected  specially  by 
the  different  governments  for  their  thorough  knowledge,  theoretical 
and  practical,  of  the  departments  to  which  they  are  assigned,  and 
selected  further  for  their  ability  to  impress  upon  others  the  cocreet- 
nees  of  their  views.  The  renown  of  a  universal  exposition  brings,  as 
visitors,  students  and  investigators  bent  upon  the  solution  of  prob- 
lems and  anxious  to  know  the  latest  contributions  to  the  facts  and 
the  theories  which  underlie  every  phase  of  the  worid's  development. 

The  material  therefore  is  ready  at  hand  with  which  tfl  cwnstrucl 
the  framework  of  a  conference  of  parts,  or  a  congress  of  the  whole 
of  any  subject.  It  was  a  natural  and  logical  step  to  accompany  the 
study  of  the  exhibits  with  a  debate  on  their  excellence,  an  analysis 
of  their  growth,  and  an  argument  for  their  future.  Hence  the  con- 
gTfsa.  The  exposition  and  the  congress  are  correlative  terms.  The 
fonner  concentres  the  visible  products  of  the  brain  and  hand  of  man; 
the  congress  is  the  Uterarj-  embodiment  of  its  activities. 
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Yet  it  was  not  till  tho  Paris  Kxposititm  of  1S89  that  the  \dtr&  of 
a  scries  of  congresses,  international  in  membership  and  univerBal  in 
scope,  WBB  fully  developed.  The  three  preceding  expositions,  Paris. 
1878,  Philadelphia,  1876,  and  Vienna,  1873,  had  held  under  their 
auspices  many  ennferencca  and  congresses,  and  indeed  the  germ  of 
the  congress  idea  may  be  said  to  have  been  the  catahlifilmicnt  of  the 
International  Scientific  Commission  in  comiection  with  the  Paris 
Exposition  of  1867;  but  all  of  these  meetings  were  unrelated  and 
sometimes  almost  eecidental  in  their  organization,  although  many 
wore  of  great  Bcientific  interest  and  value. 

The  success  of  the  seriee  of  seventy  congresses  in  Paris  in  ISSE* 
led  the  authorities  of  the  World's  Columbian  Exposition  in  18D.S 
to  establish  the  World's  Congress  Auxiliary  designed  "to  supple- 
ment the  exhibit  of  material  progress  by  the  Elxposition,  by  a  por- 
txayal  of  the  wonderful  achicvemcnia  of  the  new  age  in  science, 
literature,  education,  government,  jurisprudence,  morals,  charity, 
religion,  and  other  departments  of  human  acti\'ity,  as  the  most 
effective  means  of  increasing  the  fraternity,  progress,  prospority. 
and  peace  of  mankind."  The  widespread  interest  in  this  series  of 
meetings  is  a  matter  eauly  within  recollection,  but  they  were  in 
no  wise  interrelate  to  each  other,  nor  more  than  urdinariiy  com> 
prehcnsive  in  their  scope. 

It  remained  for  the  Faria  Exposition  of  1900  to  bring  to  a  perfect 
organiration  this  type  of  congress  development.  By  ministerial 
decree  issued  two  years  prior  to  the  exi»oflition  the  wjnduct  of  the 
department  was  set  forth  to  the  minutest  detail.  One  htindred 
twenty-five  congresses,  each  with  its  separate  secretary  and  organiz- 
ing committ.ee,  were  authorize>cl  and  grouped  under  twelve  sections 
corresponding  closely  to  tiie  exhibit  classification.  The  principal 
delegat^e,  M.  Gariel,  reported  to  a  spoelal  eomraiesion,  which  was 
directly  responsible  to  the  government.  The  department  was  ad- 
mirnbly  eonducted  and  reached  as  high  a  degree  of  success  as  a  highly 
diversified,  ably  adminiKterod,  but  unrelated  system  of  int^^mational 
confercnepa  could.  And  yot  the  attendanee  on  a  majority  of  these 
oongreft!M>8  was  disappointing,  and  in  many  there  was  scarcely  any 
ono  preacnt  outside  the  immediat^^  circle  of  those  concerned  in  its 
development.  If  this  condition  could  prevail  in  Paris,  the  home  of 
arts  and  letters,  in  the  immediate  oentro  of  the  great  constituency 
of  the  University  and  nf  many  ncienlifio  circles  and  learned  societies, 
and  within  easy  travcUng  distance  of  other  European  univereity 
and  Ht^^rary  centres,  it  was  fair  to  presume  that  the  usefulness  of  this 
dUB  of  eongreas  was  decrea«ng.  It  certainly  was  safe  to  assume, 
on  the  part  of  the  authorities  of  the  St,  Louis  Exposition  of  1904, 
tiiat  such  a  series  could  not  be  a  success  in  that  city,  owing  to  its 
geographieal  position  and  the  limited  number  of  university  and 
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s<:ientific  circle?  within  a  rpAsonable  traveling  distance.  Somcthini; 
more  than  a  repetition  of  the  stereotyped  form  of  conference  was 
admitted  to  be  necesMrj-  in  order  to  arouse  interest  among  scholars 
and  to  bring  credit  to  the  Exposition. 

This  was  the  serious  problem  which  confronted  the  Exposition  of 
St-  Louis.  No  exposition  was  ever  better  fitted  to  8er\'e  as  the  ground- 
work of  a  congress  of  ideas  than  that  of  St.  Louis.  The  ideal  of  the 
Exposition,  which  was  created  in  time  and  fijted  in  place  to  com- 
memorate a  great  historic  event,  was  its  educational  influence.  Itii 
appeal  to  the  citizens  of  the  United  States  for  support,  to  the  Federal 
Congress  for  appropriations,  and  to  foreign  governments  for  coopera- 
tion, was  made  purely  on  this  basis.  For  the  first  time  in  the  hlitory 
of  eKpoBition.<t  the  educational  influence  waa  made  the  dominant 
factor  and  the  classification  and  installation  of  exhibits  made  con- 
tributorj'  to  that  principle.  The  main  purpose  of  the  I-jtposition  was 
to  place  within  rcftch  of  the  investigator  the  objective  thought  of 
the  worid,  so  classified  as  to  show  its  relations  to  all  similar  phases 
of  human  endeavor,  and  so  arranged  as  to  be  practically  available 
for  reference  and  study.  As  a  part  of  the  organic  scheme  a  congress 
plan  was  contemplated  which  should  be  correhuivc  with  the  exhibit 
features  of  the  EKpositiun,  and  whose  published  proceedings  should 
stand  OS  a  monument  to  the  breadth  and  enterprise  of  the  Exposition 
long  after  its  buildings  had  disapix>ared  and  its  commercial  achieve- 
ments grown  dim  in  the  minds  of  men. 
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The  Department  of  Congresses,  to  which  was  to  be  intrusted  this 
dtflicult  task,  was  not  formed  until  the  latter  part  of  1902,  although 
the  question  was  for  a  year  previous  the  subject  uf  many  dtsctiasions 
and  conferences  between  the  President  of  the  F-Ixpositiont  Mr. 
Francis;  the  Director  of  Kxhihits,  Mr.  Skiff;  theChief  of  the  Depart- 
ment of  I'Vlucation,  Mr.  Rogem;  Presidpnt  Nicholas  Murray  Butler 
of  Columbia  University,  and  President  William  R.  Hari>i?r  of  Chicago 
Univorsity.  To  the  disinterested  and  valuable  advice  of  the  two  last- 
named  gentlemen  <luring  the  entire  history  of  the  Congress  the  Kx- 
positioD  is  under  heavy  obligationB.  During  this  period  proposals  had 
been  made  to  two  men  of  international  reputation  to  give  all  their 
time  for  two  years  to  the  organisation  of  a  plan  of  congresses  which 
should  accomplish  the  ultimate  purpose  of  the  Rxpositinn  authorities. 
Neither  one,  however,  could  arrange  to  be  relieved  of  the  proasurc  of 
bis  regular  duties,  and  the  entire  scheme  of  supervision  was  conse- 
quently changed.  The  plan  adopted  was  based  upon  the  idea  of  an 
I'visory  board  composed  of  men  of  high  literary  and  scientific 

uiding  who  should  consider  and  reconunoiid  the  kind  of  congrees 
most  worthy  of  promotion,  and  the  details  of  its  development. 
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In  November,  1902,  Howard  J.  Rogera,  LL.C,  was  appointed 
IHrector  of  Gongressjes.  and  the  members  of  the  Advisory  (afterwards 
termed  AdmiDistrative)  Board  selected  as  follows:  — 

Cbaibuan:  Nicholas  Murray  Butlek,  Ph.D.,  LL.D.,  i*resideat 
C!olmnbia  Univereity. 

WiLUAM  B.  Eabpeb,  Ph.D.,  LL.D.,  Preoideiit  Uoivensity  of 
Chicago. 

HoNOKABLE  Feederick  W.  H0LL8,  A.M.,  LL.B.,  New  York. 

R.  U.  Jesse,  1*h.D.,  LL.D.,  President  Univeraity  of  Missouri. 

Henby  S.  PniTCRErr,  Ph.D.,  LL.D.,  President  Mfutsacfauaetts 
Institute  of  Technology. 

Uebbert  Putnam,  Lnr.D.,  LLD.,  Librarian  of  Congress. 

Frederick  J.  V.  Skift,  A.M.,  Director  of  Field  Columbian  Mu- 
seum. 

Tlie  action  of  the  Executive  Committee  of  the  Exposition,  ap- 
proved by  the  President,  was  as  follows:  — 

Tboro  ■hall  be  ippointod  by  thv  ProHdent  of  Cbe  ExpocUiOQ  CompAHy  a 
Director  of  Congrrases  who  aliall  report  to  the  Praident  of  tlie  Exposition  Com- 
pany. 

There  shall  he  appointed  by  the  Proaident  of  the  Kxpoaition  Company  an 
Advisory  Bonnl  of  nevcn  prnons,  the  chairman  (o  b«  namni  by  thi-  Pn-flidt-nt, 
who  shall  meet  at  the  call  of  t))e  Director  of  Coognmetm,  ot  the  Chairman  of  the 
Ad^daoiy  Board. 

The  cxpcmflM  of  the  membcis  ot  the  Ad%iHDry  Board  while  OQ  bu^e»  of  the 
Expoaitinn  shall  be  a  charge  aEainst  the  fonds  of  the  Expoehton  Company. 

The  duties  of  the  aald  Advisory  Board  shall  be:  to  consider  and  m^e  reeom* 
meadaliona  to  the  Director  of  Coof^reflsea  on  all  matters  Bubmitt«d  to  them;  to 
d«i«rniiRe  Uie  uuml>cr  and  the  extent  of  the  congr—sei;  tliu  vinphaina  to  bo 
plaoed  upon  special  features;  the  prominent  men  to  be  invited  to  participatej 
the  duraeter  of  tlie  piosranunea;  and  the  methods  for  sucasaruUy  cairyinii  out 
the«D(«priac. 

"nun  ahall  be  set  aside  from  the  ExpoeHion  funds  for  the  maintenance  of  the 
MBgreMM  the  sum  of  two  hundred  thousand  doUats  (tllUU.UUO). 

The  standing  Committee  on  Congresses  from  the  Exposition  board 
of  directors  was  shortly  afterwards  appointed  and  was  composed  of 
five  of  the  moat  prominent  men  in  St.  Louis:  — 

Coairuak:    Hon.  Frederick  W.  Lehmann,  Attorney  at  Law. 

Brbceknbidoe  Jones,  Banker. 

Chablea  W.  Knapp,  Editor  of  The  St.  iMui*  RepiAHe. 

JonN  ScHROF-Bs,  MonBgef  of  the  Weatiicfui  Pott. 

A.  F.  Shapleicr,  Merchant. 

To  this  committee  were  referred  for  consideration  by  the  Presidenl' 
all  matters  of  poliey  submitted  by  the  Director  of  C^>ngTossc8.   This 
committee  had  jurisdiction  over  all  congress  matten,  including  not 
only  the  Congress  of  Artd  and  Science,  but  also  the  many  mlsceU 
laneoua  congresses  and  conventions,  and  a  great  part  of  the  fu( 
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of  the  cotigcegaea  is  due  to  their  bro&d-mindcd  and  liberal  deter- 
mination of  the  questions  laid  before  them. 

ttEA   OP  THE  COKOSESS  OF  ARTS  AND  SCIENCE 

It  is  impossible  to  ascribe  the  original  idea  of  the  Congress  of 
Arts  and  Science  to  any  one  pcnton.  It  was  a  matter  of  slow  growth 
from  the  many  conferences  which  had  been  held  for  a  year  by  men 
of  many  occupations,  and  as  finally  worked  out  bore  little  resemblance 
to  the  orijpnal  plans  under  discussion.  The  germ  of  the  idea  may  fairly 
be  said  to  have  been  contained  in  Director  Skiff's  in^tence  to  the 
Executive  Committee  of  the  Exposition  that  the  congress  work 
stand  for  something  more  than  ao  unrelated  scries  of  independent 
gatherings,  and  that  some  project  be  authorized  which  would  at  once 
be  distinctive  and  of  real  scientific  worth.  To  support  this  view 
Director  Skiff  brought  the  Executive  Committee  to  the  view  of 
expending  $200,000,  if  need  be,  to  insure  the  project.  Starting  from 
this  suggestion  many  plans  were  brought  forward,  but  one  which 
■eems  to  belong  of  right  to  the  late  Honorable  Frederick  W.  Holls, 
of  New  York  City,  contained  perhaps  the  next  recognizable  step  in 
advance.  This  thought  was,  briefly,  that  a  series  of  lectures  on 
scientific  and  literary  topics  by  men  prominent  in  their  respective 
fields  be  delivered  at  the  Exposition  and  that  the  Exposition  pay 
the  speakers  for  their  services.  This  point  was  thoroughly  discussed 
by  Mr.  Holls  and  President  Butler,  and  the  next  Htep  in  the  evolution 
of  the  Congress  was  the  idea  of  bringing  these  lecturers  together  al 
the  Exposition  at  about  the  same  time  or  all  during  one  mouth.  Al 
this  stage  Professor  Hugo  Miinsterberg,  who  was  the  guest  of  Mr. 
Holls  and  an  invited  participant  in  the  conference,  made  the  import- 
ant suggestion  that  such  a  series  of  unrelated  lectures,  oven  though 
given  by  most  eminent  men,  would  have  bttle  or  uo  scientific  value, 
but  that  if  some  relation,  or  underlying  thought,  could  be  intro- 
duced into  the  addresses,  then  the  best  work  could  be  done,  which 
would  bo  of  real  value  to  the  scientific  world.  He  further  stated  that 
only  in  this  case  would  scientific  leaders  be  Ukcly  to  favor  the  plan 
of  a  St.  Louis  congress,  as  they  would  feel  attracted  not  so  much 
through  the  honorariums  to  be  given  for  tlieir  services  as  through 
the  valuable  opportunity  of  developing  such  a  contribution  to  scien- 
tific thought.  Subsequently  Professor  Munsterberg  was  asked  by 
Hr.  Holls  to  formulate  his  ideas  in  a  manner  to  be  submitted  to  the 
Exposition  authorities.  Thi$  was  done  in  a  communication  under 
date  of  October  20,  1902,  which  contained  logically  presented  the 
foundation  of  the  plan-  afterwards  worked  out  in  detail.  At  this 
juncture  the  Department  of  Congresses  was  organized,  as  has  been 
stated,  the  Director  named,  and  the  Administrative  Hoard  appointed, 
and  on  December  27,  1902.  the  first  meeting  of  the  Director  with 
the  Administrative  Board  took  place  in  New  York  City. 


IB 


THE  HISTORY  OF  THE  CONGRESS 


A  Uioiough  caDvaas  of  the  subject  was  made  at  IhU  meeting  and 
as  a  msMll  the  foUowing  recommendations  were  made  to  the  Exposi- 
tion authorities:  — 

(1)  That  the  aeeaions  of  this  Congress  be  held  within  a  period 
of  four  weeks,  beginning  September  15,  1904. 

(2)  That  the  various  groups  of  learned  men  who  may  oome  together 
be  asked  to  discuss  their  several  sciences  or  professions  with  reference 
to  some  theme  of  universal  human  interest,  in  order  that  thereby 
a  certain  unity  of  interest  and  of  action  may  be  had.  Under  such  a 
ptan  the  groups  of  men  who  come  together  would  thus  form  sections 
of  a  single  Congress  rather  than  separate  congresses. 

(3)  As  a  subject  which  has  universal  significance,  and  one  likely 
to  serve  as  a  connecting  thread  for  all  of  the  discussions  of  the  Con- 
gress, the  theme  "The  Progress  of  Man  since  the  Louisiana  Pur- 
chase" was  considered  by  the  Administrative  Board  fit  and  suggest- 
ive. It  is  believed  that  discussions  by  leaders  of  thought  in  the 
various  branches  of  pure  and  applied  sciencc,inphiIoisophy,  in  polities, 
and  in  religion,  from  the  standpoint  of  man's  progress  in  the  century 
which  has  elapsed,  would  be  fruitful,not  only  in  clearing  the  thoughts 
of  men  not  trained  in  science  and  in  government,  but  also  in  preparing 
the  way  for  new  advances. 

(4)  The  Administrative  Board  further  recommends  that  the  Con- 
gress be  made  up  from  men  of  thought  and  of  action,  whose  work 
would  probably  fall  under  the  following  general  heaiU:  — 

a.  The  Natural  Sciences  (such  as  Astronomy,  Biology,  Mathe- 
matics, etc.)- 

b.  The  Hbtorical,  Sociolojpcal,  and  Economic  group  of  studies 
(History.  Political  Economy,  etc.). 

e.  Philosophy  and  Religion. 
d.  Medicine  and  Surgery. 

c.  Law,  Politics,  and  Government  (including  development  and 
history*  of  the  colonies,  their  government,  revenue  and  prosperity, 
arbitration,  ete.). 

f.  Applied  Science  (including  the  various  branehea  of  engineer- 
ing)- 

(5)  The  Administrative  Board  recomjnenda  further  rcferrinj;  to 
a  special  committee  (.f  seven  the  problem  of  indicating  in  detail  the 
method  in  which  this  plan  can  best  be  carried  out.  To  this  com- 
mittee is  assigned  the  duly  of  choosing  the  general  divisions  of  the 
Congroas,  the  various  branches  of  science  and  of  study  in  these  divi- 
Btons,  and  of  recmumending  to  the  .'Vdministrative  Board  a  detailed 
plan  of  the  sections  in  which,  in  their  judgment,  those  who  come  to 
the  Congress  maybe  miMt  effeetively  grouped,  with  a  view  not  only 
to  bring  out  the  ccntml  theme,  but  also  to  represent  in  nhctpfulway 
and  inasuggestive  manner  the  present boundar>- of  knowledge  in  the 
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various  lines  of  study  and  investigation  which  the  committee  may 
think  wise  to  accept. 

These  recommendations  were  transmitted  by  the  Director  of 
CoDgreeses  to  the  Committee  on  Congresses,  approved  by  them,  and 
afterwards  approved  by  the  Executive  Committee  and  the  Pmgident. 
The  first  four  recommendations  were  of  a  preliminarj*  character,  but 
the  hfih  contained  a  distinct  advance  in  the  formation  of  a  Committee 
on  Plan  and  Scope  which  should  be  composed  of  eminent  scientists 
capable  of  developing  the  fundamental  idea  into  a  plan  which  should 
harmonize  with  the  scientific  work  in  everj'  field.  The  committee 
aelected  were  as  folloiivs:  — 

D».  Simon  Newcouh,  Ph.D.,  LL.D.,  Retired  Professor  of  Mathe- 
matica,  V.  S.  N'avy. 

Prop.  Hugo  MOn'stkrbero.  Ph.D.,  LL.D.,  Professor  of  Psycho- 
logy, nar%'ard  University. 

Prof.  Joh.\  BASSirrr  ^[ooR^:,  LL.IX,  ex-assUtant  Secretary  of 
State,  and  Professor  of  International  Law  and  Diplomacy,  C-olumbia 
University. 

Prop.  Albion  W.  Small,  Ph.D.,  Professor  of  Sociology,  Uni- 
veraiiy  of  Chicago. 

Db.  Wilij.mi  H.  Welch,  M.D.,  LL.D.,  Professor  of  Palhologj*, 
Johns  Hopkins  University. 

Hos.  Eunv  Thomson,  Consulting  Engineer  General  Electric 
Company. 

Pnop.  George  F.  Mooue,  D.D.,  LL.D.,  Professor  of  Comparative 
Rdigion,  Harvard  University. 

In  response  to  a  letter  from  President  Butler.  Chairman  of  the 
Administrative  Board,  giving  a  complete  r^.-mmd  of  the  growth  of 
the  idea  of  the  Congress  to  that  time,  all  of  the  members  of  the  com- 
luittee,  with  the  exception  of  Mr.  Thomson,  met  at  the  Hotel  Slau- 
hftttan  on  January  10, 1903,  for  a  prcliminar>'  discussion.  The  entire 
field  ma  canvassed,  umng  the  recommendations  of  the  Administrative 
Board  and  the  aforementioned  letter  of  Professor  Munstorberg's  lo 
Mr.  Holls  as  a  basis,  and  an  adjournment  taken  imtil  January  17 
for  the  preparation  of  detailed  recommendations. 

The  Committee  on  Plan  and  Scope  again  met,  all  members  being 
present,  at  the  Hotel  Manhattan  on  Januarj*  17,  and  arrived  at 
definite  conclusions,  which  were  embodied  in  the  report  to  the 
Administrative  Board,  a  meeting  of  which  had  been  called  at  the 
Hotel  Manhattan  for  January  19,  1903.  The  report  of  the  Com- 
mittee on  Plan  and  Scope  is  of  such  historic  importance  in  the  devel- 
opment of  the  Congress  that  it  is  given  as  follows,  although  many 
pomta  were  afterwards  materially  modified:  — 
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Nrw  YoBK.  January  19.  I90a. 
PrcMdntt  NichoUa  Murray  Butlw, 

Chaimuui  Administrative  Board  of  World's  CoiigrMv  at 
Th«  Louisiana  Purchaae  l^xpoaiUoa: 

Dear  Sir,  —  The  undersigned,  appointed  hy  yotir  Bourt)  »  coiiimiit«e  on  the 
scope  and  plao  of  the  propoe«d  World's  CorRrcsa,  at  the  Louisiana  Purchase 
Expoeilion,  have  the  hoour  tu  suLmit  the  (oUowitig  rvpurt:  — 

The  AUtharity  under  which  the  Coiamittrn  acted  ia  fouul  in  a  coaimiuiication 
addrwBwi  to  )t8  momben  by  the  Chairman  of  the  Adminietmtivo  Boftrd.  A 
Bubeequent  oommtmication  to  the  Citairman  of  the  Committee  indicated  that  the 
widcat  AoopG  was  allowed  to  it  in  prrpimng  \l»  i>lAn.  I.'nder  thia  authority  thr 
Oommttte«niet  on  January  10, 1903,snd  s^ain  on  January  17.  The  Committee 
was,  from  ti^o  IxicinniuK,  unanimous  in  accepuoK  the  general  plan  of  the  Admin- 
wtrvtivv  BoanJ,  ilial  there  uliould.  hu  but  a  single  congrcM,  whieh,  however,  mifcln 
b9  di\'ided  and  sulidivided,  in  accord  with  the  geoersl  plan,  into  divisicoiB,  depart- 
nuots,  and  scctioofl,  os  its  ddibcratioiu  proceed. 

PLAXS  or  THE  CONaitBtie 

As  a  basis  of  diwusBton  two  plana  were  drawn  up  by  RienibvnurtheCotnmtttct 
ftnd  sul>niitied  to  it.  Tlie  one.  by  ProfMsor  MonBterberg,  started  frum  a  compre- 
hensive claesificAtion  and  review  of  liuman  aohievoment  in  advancing  knowledge, 
the  other,  by  rrofeasor  Small,  from  an  equally  compreltennve  review  of  the  great 
public  qiirtttons  involved  iji  human  progress. 

Profomor  MUnsterberg  proposed  a  congran  baring  the  definite  tiuk  of  Imnging 
out  tile  unity  of  knowledxe  nith  a  view  of  correlatinK  the  scattered  theoretical  and 
praoticR]  KioDtilic  work  uf  our  day.  This  plan  proposed  that  tbe  eongrvM  sliould 
continue  through  on«  week.  The  firat  day  was  to  be  devat«d  to  the  discuanon  of 
tbe  most  generaJ  problem  of  knowk'dge  in  one  comprehensive  discusaion  and  four 
general  divisiooa.  On  tbe  second  day  tbe  congresa  was  to  divide  into  aevcral 
groups  and  on  the  remaining  days  into  yet  more  spectahsed  groups,  aa  aet  fortli 
in  detail  in  the  plan. 

Tbe  plan  by  Professor  Small  proposed  a  eoncress  which  would  exhibit  not 
BUtnOy  the  iwholar's  iulerprvtaLion  of  progreae  In  scliolurBliip,  but  rather  thr 
aeholar's  interpretation  of  prof^reos  in  civilisation  in  general.    The  propoa&l  was 
baaed  on  n  division  of  human  interests  into  six  great  groopa:  — 
I.   Tbe  l*n>muttun  of  Health. 
II.   The  Production  of  Wealth. 

ni.   Tlie  Harmonising  of  l]uman  Rdations. 

IV,   Discovery  and  Spread  of  Knowledge. 
V.    Pragrcas  in  the  Fine  .\rta. 

VI.   PngrtMi  in  Religion. 

Thn  plan  agreed  with  the  other  in  beginniog  with  a  goneral  discussion  and  then 
subdividing  the  cottgreas  into  divisions  and  groups. 

Aa  a  third  plan  th«  Chairman  of  llw  Oommittcv  suggwsted  the  idea  of  a  oongrtm 
of  publicists  and  representative  men  ul  nil  nations  and  of  all  nvilim]  peoplw, 
which  should  diacusa  rdations  of  each  to  all  the  others  and  throw  light  on  tlie 
question  of  promoting  tbe  unity  and  progmH  of  the  race. 

Alt4T  due  cnnaderstjon  of  these  plans  the  Committee  reached  the  conclusion 
tliat  the  t-nda  aimed  at  in  the  seeond  and  third  plana  could  be  attained  by  toking 
tbe  firal  plan  a«  a  basis,  and  inrluding  in  lu  MihdivisionA.  so  tar  as  was  deemed 
advisable,  tiis  subjects  propow^  in  the  second  and  Ihini  ptnut  11iny  acmcdiligly 
adopted  a  resolution  that  "  Mr.  Mun«t«rberg's  plan  bo  adopted  as  srtting  forth 
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ibm  ftnanl  object  of  lb«  Coognsa  nnd  dcfiuuiic  tbr  scope  of  iU  «-ork,  and  tiitt 
Mr.  SbuII's  plan  be  canununicated  to  the  GBneral  Conunittee  oa  contaitiitig  BUg- 
gmlioM  u  to  detaib,  but  without  recommmding  iu  Adoption  oa  »  wbole." 

DATS  or  TUS   CONOBZSS 

Your  Committee  bof  op'mioa  LhAt,  in  view  or  tlie  climatic  conditiona  at  St.  Loui> 
dttriDg  th«  sunnner  and  e«rly  autumn,  it  is  dMirable  that  Uie  meeting  of  this 
geaend  ConicreM  be  hdd  during  the  nx  days  befcuminc  on  Monday,  Sept«mb«r  19, 
loot,  and  coutinuiug  uutil  liH-Saturdity  following.  SpL-viul  usNoctutioiu  choosiOB 
St.  Louie  a£  their  me«ling-phiL-c  may  ihca  courpne  at  such  ottmr  dates  at  may  be 
deemed  fit;  but  it  is  siiggeetcd  that  lcam«d  eocictica  wImm  fidd  is  oonnMtcd  with 
that  of  the  Congrcae  should  meet  during  the  week  beginning  September  26. 

Tbft  aectional  diKtuiuons  of  th«  CongreM  will  thra  be  contiauml  by  tlieae 
Boei«tica,  the  whole  fonning  a  continuoiut  discuMiun  of  human  progreM  during 
the  hat  wuturj*. 


FUUt  OF  AnDRRKHKH 

Tbo  Committee  believe  that  in  order  to  rarryouttlie  proponed  plan  io  the  moat 
(0«Dtir«  way  it  b  ncvt«asry  Uiat  the  addrcawa  be  prepared  by  tbe  tughest  living 
authoritica  in  each  and  every  branch.  In  the  hut  subdiviaioua,  each  aectioQ 
Mnbracta  two  papras;  one  on  the  history  of  the  subjixt  during  the  last  one  hun- 
dttd  jean  and  the  other  on  the  problems  of  to-dny. 

The  programme  of  pepers  suggested  by  the  Committee  as  embraced  in  Pro- 
faawr  M Uiu>t<Tl HTgV  piMi  mity  Im  summarised  as  follawii:  — 

On  the  firet  day  four  papers  will  be  read  on  the  general  subject,  and  four  on 
Mch  of  tlte  four  largr;  divUiuua,  twenty  Id  all.  On  the  Avcond  day  those  four  divi- 
doDfl  will  be  divided  into  twe-nty  gTOupa,  or  dcpartmcntit,  eacii  of  which  will  have 
four  papers  r«io-rTing  to  the  divisions  and  retationa  of  the  actenccs,  eighty  in  alL 
On  the  last  four  days,  two  papera  in  each  of  the  120  sections,  2-10  in  all,  thua 
raakiug  a  total  of  340  papeni. 

In  view  of  the  fact  tlint  Ous  men  wtui  will  make  th«  addnnes  ahouM  not  b* 
expected  to  bear  all  the  expense  of  their  attendance  at  the  Congress,  it  eoeois 
advwable  that  tliu  authoritiiw  of  the  Fair  sliouid  provide  for  the  expenses  oecea- 
watHy  iocurred  in  the  journey,  as  well  as  pay  a  Bmall  honorarium  for  the  addrcasm. 
the  Committee  suggest,  therefore,  titat  each  American  insntod  be  offered  (100  for 
his  traveling  expeosca  and  each  European  S-IOO,  In  addition  to  this  that  each 
rrceive  ttSO  as  an  lionorarium.  Awuming  that  one  half  of  those  invited  to  deUver 
addrsSMBu  will  be  Aniericons  and  one  half  Kuro|ieftii»,  this  mmui^cinent  will  involvs 
tlie  expenditure  of  1136,000.  Thb  estimate  will  be  reduced  if  the  same  person 
prepami  more  than  oiic  address.  It  will  abo  be  reduced  if  more  than  halt  of  the 
speakeni  are  Americans,  and  increuaed  in  the  apposite  case. 

As  ihi"  CommiltiN'  is  not  ndvia^d  of  the  nmnuiii  wliirJi  the  management  of  the 
Exposition  may  sppropriate  for  the  purpose  of  tlie  Congress,  it  cannot,  at  present, 
entcc  further  into  details  of  adjiutmrut,  but  it  records  its  opimon  that  thu  sum 
suggnatod  in  thr  kwtt  >>y  which  the  ends  Kiiight  to  be  attained  by  the  Congrwa  can 
ba  Bccaniplislied  To  this  must  be  added  the  expenses  of  administratioa  and 
publics  Uoo. 

All  addrrases  paid  for  fay  the  Congreae  should  be  regarded  as  its  property, and 
be  print«d  and  published  together,  thus  conotitutirtg  a  comprehensive  work 
exhibitlitg  the  unity,  progress,  and  present  state  of  knowledge. 

This  plan  (lom  not  preclude  tlie  delivery  of  more  than  one  address  by  a  single 
Thn  dirrrUtn  of  the  Kxpoxition  nmy  wmirtimes  hod  it  advisable  tO  ask 

Isamc  scholar  to  deliver  two  addressee,  possibly  even  three. 
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The  Committee  n>oommenda  that  full  Ubertf  be  alloved  to  each  srction  of  tl 
Congress  in  furonging  the  general  character  and  prcsramme  of  its  disci] 
wtthin  the  Geld  proposed. 

Aa  an  e^tample  of  bow  tlie  pliui  will  work  in  t!iu  uu»o  of  any  onv  MWtton,  tliK 
Committee  lake  the  cane  of  a  neurologist  denring  to  profit  by  thooe  discuMJons 
wluQb  relate  to  tua  branch  of  ntodicuie.  Thii  folia  under  C  of  tlic  four  main 
divuioiui  as  related  to  the  phjntcal  sciences.  His  faterest  on  the  first  day  wiU_ 
therefore  be  eeatred  in  I^viagn  C,  where  be  may  bear  the  georrol  diM-udeion 
the  pliydcal  sciences  and  the  relatioas  to  the  other  scieoocs.  On  tht  second  dti 
he  will  hear  four  papers  in  Group  IS  on  tJin  aubjecta  embraci-d  in  tli«  gene 
•cisDoe  of  anthropology;  one  on  ita  fundamental  conceptionB;  on«  on  Ifl 
meihods  and  two  on  the  relation  of  anthropology  to  the  sciencos  most  closely  co 
oeetod  with  it.  During  tito  ntmaiuiog  four  days  he  will  meet  with  tlie  repnisent 
stives  of  medicine  and  its  related  subjecta.  who  will  divide  into  ^ctiune, 
listen  to  four  papcn  in  eseh  section.  One  pApcr  will  consider  tttc  prognsa  of 
that  section  in  the  last  one  hundred  years,  one  paper  will  be  devoted  to  the 
problems  of  to-^y,  leaving  room  for  such  oontributk>n»  and  discuasbons  as  mi 
«eem  appropriate  during  the  remainder  of  the  day. 

cooratunoN  or  leahkeo  bocieties  imvokkd 

In  prosoiting  this  general  plan,  your  Committee  wishes  to  point  out  tlie  dif 
cuHy  of  deciding  in  advance  what  subjects  should  be  included  in  every  sect 
Tlivrcforv,  tlm  Committee  deems  it  of  the  utmost  importance  to  M-curv  (be  advi< 
and  assistance  of  learned  societies  in  tliis  country  in  perfecting  the  details  of  the 
proposed  plan,  eeperiully  the  selection  of  8[M>al(crB  and  the  programme  of  work  in 
each  section.  It  will  faciliute  the  l&tter  purpoao  if  such  ewieties  be  in%-it«d  and 
aikooursged  to  liold  mfvetingsst  St.  Louis  during  the  week  imniKliiiti'Jy  preceding, 
or,  preferably,  the  week  following  the  General  Congress.  Tlie  selection  vi  Hpeakeis 
aliould  be  made  OS  Mou  aa  poaaible,  and,  in  any  case,  before  the  end  of  che  present 
academic  year,  in  order  that  formal  Lnvltatioos  may  be  issued  and  final  aoaaga- 
menls  made  iritli  the  spealceis  a  year  in  advance  of  the  Congress. 

COMCLl'DTNO  aVOOKSnoNS 

With  tha  view  of  securing  the  oo'tperation  of  the  govemnutnts  and  leading 
simian  of  the  principal  countries  of  Western  and  Central  Europe  m  tlic  prnpoaed 
Qoogress.  it  soems advisable  to  send  two  commueioDers  to  thesL-  eoimtries  for  tl 
purpose.  Itseema  unnecessary  to  exLvitd  t)w  upi-mtions  of  tins  fiHiiinii*iuu  out 
side  tlie  Kuropvaoi  continent  or  to  other  than  the  leading  coiuitries.    In  oUn 
eases  arrangements  can  be  made  by  corrcspoudcnco. 

It  is  the  opinion  of  llio  Comniillec  tlmt  aa  Ainorioaa  of  world'Wido  reputatJc 
as  a  scholar  sliould  be  sdected  to  prreide  over  the  Congrees. 
All  which  is  respccUully  sniimitted. 

(Signed)  Saios  NKwt4>uit. 

('liainiiMn; 
GnoKUE  v.  MnuKK, 
John  B.  Moonr, 
Hoao  Husen'i:iiut»a, 
Albiok  W.  SuALr., 

WlIXtAV   II.   WELfH. 
ICUUO    TUUMOON, 

Cunimittee. 


THE  HISTORY  OP  THE  CONGRESS 


11 


The  AdminJatrative  Board  met  on  Januar>'  19  to  receive  the  report 
of  the  Committee  on  Plan  and  Scope  which  waa  prcBcntcti  by  Dr. 
Newcomb.  Professor  Munsterberg  and  Professor  Jolin  Ba^sott  Moore 
were  also  preeont  by  mWtation  to  discuss  the  details  of  the  scheme. 
In  the  afternoon  the  Board  went  into  executive  session,  and  the 
following  recommendations  were  adopted  and  transmitted  by  the 
Director  of  Congresses  to  the  Committee  on  Congresses  of  the  Espo- 
aition  and  to  the  ProBidcnt  and  Executive  Committee,  who  didy 
approved  them. 


To  the  Director  of  Congreasra:  — 

Tbn  AdmiuiiitraU^'L-  Doorct  h&vo  the  honor  to  nuiko  tlie  foUowiog  recommcnda- 
ticsiB  in  nfsrBDce  to  the  Department  of  Congrees^B:  — 

{1 )  Thftt  then  be  held  in  connection  witli  the  UoiverwU  Exposition  of  St.  Louie 
in  1904.  an  IntcmatioQal  Congreas  of  Arte  and  Science. 

(2)  Ttuit  the  plan  recommended  by  the  Ooumittoe  oo  Ptftn  and  Srope  for  a 
geoeral  congrMw  of  Arts  and  Science,  to  be  held  during  the  mx  dsya  banning  on 
Uoaday,  September  19, 1904,  be  Approved  and  adopted,  ntbject  to  aueh  revision 
ia  potot  of  detail  a*  may  be  advisiblc,  pruRu-vlu^  it«  fuadaiucalal  priuciploe. 

(3)  That  Smon  Nraoomb,  LL.D.,  of  WaehioRton.  D.  C,  be  named  for  Prraident 
of  the  Int«matioaAl  Congrees  of  Arts  and  Science,  provided  for  in  the  foregoing 
reBolntion. 

(4)  Tbat  ProfoMor  Mlkneterbers,  of  Hurvartl  Uiuvenity.  and  ProfcWor  Altnon 
W.  Snoit,  of  the  Uiu\'ermty  of  Chicago,  be  invited  to  act  aa  Vice-Preeideiits  of 
the  Oon^<B8. 

(5j  That  the  Directors  of  the  World's  Fair  bo  requested  to  cliauge  the  name  of 
thia  Board  from  the  ".Advisory  Board"  to  the  "Administrative  Ifeiard  of  the 
latenkational  Congrm  of  Arts  and  Science." 

(6)  That  the  delailiMl  arnuiKt^menls  for  tlie  Congreas  be  intrusted  to  a  com- 
mitt«e  coii«»ting  of  the  Pre^ideot  atid  two  Vlcv-Prwident*  already  najiicd,  aub- 
jevt  to  the  general  ovunjij{ht  and  control  of  the  Admiuistrative  Board,  and  that 
the  IHrvcton  of  the  Expoeiiioii  bu  rctiui^Hled  to  umku  appropriaU:  pro^iiaon  for 
tbinr  oampeoBatioo  aitd  neoeaeary  expensce, 

(7)  That  it  be  reoommeadcd  to  the  Uirectora  of  the  Worid's  Fair  that  appro- 
priate proi'iaJoa  ebould  be  made  in  the  oSice  of  the  Department  of  Coogreaaca  for 
an  eacecutive  secretary  and  such  ch-rical  assistance  aa  may  be  needed. 

(8)  That  the  folloniug  pajrment  be  recommended  to  tlioae  scholan  who  accept 
tovitations  to  participate  and  do  a  specilicd  piece  of  work,  or  submit  a  specified 
contribution  in  tlie  International  Congreaei  uf  Arte  and  Science:  For  traveling 
cxpenBCB  for  a  European  scholar,  l/iOO.  For  traveling  e^tenaea  for  an  American 
aabfklar,  1160. 

(0)  That  proviaioti  be  made  for  the  publiciition  of  the  proceedings  of  the  Con- 
grcNs  in  suitable  form  to  constitute  a  pcnnaunnt  wnmurial  of  the  work  of  the 
World's  Fair  for  the  promotion  of  science  and  art,  under  competent  editorial 
supervision. 

(10)  That  an  appropriation  of  $200,000  bo  made  to  cover  expenses  of  the 
Department  of  Congrbsaea,  of  which  sum  {130,000  be  specifically  appropriated  for 
aa  Internationa)  Oongreaa  of  Arte  atul  Science,  and  the  remainder  to  cover  all 
•xpcnaes  oooneeted  with  the  publication  of  the  proceedingB  of  said  Interna- 
tional Coogrws  of  Art«  and  Science,  ami  ttie  expeoaea  for  promotion  of  all  other 
congn— oa. 
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In  addition  to  the  foregoing  recommendations,  Professor  Munster- 
berg  was  requested  at  his  earliest  convenience  to  furnish  each  member 
with  a  revised  plan  of  his  classiHcalion,  which  would  reduce  as  far  as 
possible  the  number  of  sections  into  which  the  Congress  was  finally 
to  be  divided, 

With  the  adjournment  of  the  Board  on  January  19  the  Congress 
may  be  fairly  said  to  have  been  launched  upon  it-s  definite  course, 
and  such  changes  as  were  thereafter  made  in  the  programme  did  not 
in  any  wise  affect  the  principle  upon  which  the  Congress  was  based, 
but  were  due  to  the  demands  of  time,  of  expediency,  and  in  some 
cases  to  the  accidents  attending  the  participation.  The  organization 
of  the  Congress  and  the  personnel  of  its  officers  from  this  time  on 
remained  unchanged,  and  the  histor,'  of  the  meeting  is  one  of  steady 
and  progressive  development.  The  Committee  on  Plan  and  Scope 
were  discharged  of  their  duties,  with  a  vote  of  thanks  for  the 
laborious  and  painstaking  work  which  they  had  accomplished  and 
the  thorotighly  scientific  and  novel  plan  for  an  international  congress 
which  thpy  had  recommended. 

It  was  determined  by  the  Administrative  Roard  to  keep  the  scrv- 
iccsi  of  three  of  the  members  of  the  Committee  on  Plan  and  Scope, 
who  should  act  as  a  scientific  organizing  committee  and  who  should 
also  be  the  presiding  officers  of  the  Congress.  The  choice  for  President 
of  the  Congress  fell  without  debate  to  the  dean  of  American  scientific 
circles,  whose  eminent  services  to  the  Government  of  the  United 
States  and  whose  recognized  position  in  foreign  and  domestic  sci- 
entific circles  made  him  particularly  fitted  to  preside  over  such  an 
International  gathering  of  the  leading  scientists  of  the  world,  Dr. 
Simon  Ncwcomb,  retired  Professor  of  Mathematics,  United  States 
Navy.  ProfcsBor  Hugo  Miinsterbcrg,  of  Harvard  University,  and  Pro- 
fessor Albion  W.  Small,  of  the  University  of  Chicago,  were  designated 
as  (he  first  and  second  Vicc-P residents  respectively. 

The  work  of  the  succeeding  spring,  with  both  the  Organiring  Com- 
mittee and  the  Administrative  Board,  was  devoted  to  the  perfecting 
of  the  programme  and  the  selection  of  foreign  scientists  to  be  invited 
to  participate  in  the  Congress.  The  theory  of  the  development  of 
the  programme  and  its  logical  bases  are  fully  and  forcibly  treated  by 
Professor  Miinat^irberg  in  the  succeeding  chapter,  and  therefore  will 
not  be  touched  upon  tn  this  record  of  facts.  As  an  illustration  of  the 
growth  of  the  programme,  however,  it  is  interesting  to  compare  its 
form,  u-hieh  was  adopted  at  the  next  meeting  of  the  Organising 
Committee  on  February  23,  Ifl03,  in  New  York  City,  with  its  final 
form  as  given  in  the  completed  programme  presented  at  St.  Louis 
in  September,  1904  (pp.  47-49).  No  better  illustration  can  be  given 
of  the  immense  amount  of  labor  and  painstaking  adjustment,  both 
to  scientific  and  to  physical  conditions,  and  of  the  admirable  adapt- 
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f        ability  of  the  original  plan  to  the 

exigencies  of  actual  practice.  At 

^H 

^m  the  meeting  of  February  23,  1903, 

which  was  attended  by  all  of  the 

^^H 

^M  members  of  the  Organising  Cuniniittee  and  by  l^reeident  Butli?r  of 

^^1 

the   AdminUtrative  Board,  it  was 

determined  that  the  number  of 

^^H 

Departments  should  be  sixteen,  w 

th  the  following  designations:  — 

^H 

^B                                            A.   NORMATIVE   SCIENCES 

^^1 

^^^^     1.  PbUoinphicAl  SoicncM, 

2.  MaUumatical  SciencM. 

^H 

^^V                                      B.   HISTORICAL  SCIENCES 

^H 

^H         3.  IUitu»l  SddDOM, 

7.  Pedj^togieol  Sdeiicvs. 

^^H 

^H          4.  lirfn\  Sdcncn. 

8.  v&thetic  Sciences. 

^^^H 

^H          A.  EcoDomic  ScicQCM. 

9.  TtieulogicRl  Scienras. 

^^^H 

^H         6.  Philfdogic&l  BcieoccH. 

^^1 

^1                                              C.  PHYSICAL 

SCIENCES 

^^1 

^H        1(1.  General  PbysicAl  Scicnn-ji. 

13.  Biological  Scienoes. 

^^H 

^^1        1).  Astro oomicsl  3ci«ti COT. 

14.  Antliropological  Scienca. 

^^^1 

^H        13.  OeoIogicAl  Sciences. 

^^1 

^M                                                   D.   BIENTAL 

SCIENCES 

^H 

^H       IS.  FQrehoIogical  ScicocM. 

IB.  Soeiolosicol  Sctencee. 

^H 

^^^V                                                    SECTIONS 

^^1 

^         1.  a  Hettph^lca. 

6.  a  Inftn-IraniaD  r^angua^cs. 

^^1 

^^^^        b  Logic 

b  Semitic  Lanpiages. 

^^^1 

^^^K         e  Ethics. 

e  Classical  Language*. 

^^^1 

^^^^^        4  JfktiMiXot. 

d  Modem  Languagni. 

^^^1 

^H         3.  «  Algebra. 

7.  a  History  of  Education. 

^^^1 

^^^^v         6  QcoroetT)'. 

oa  KducutionaJ  Institutions. 

^^^1 

^^^y         c  ScatisUcal  Methods. 

6.  a  Histon-  of  Architecture. 

^^^1 

^^^^    3.  a  ClA«e&l  Political  History  of 

6  History-  of  Fine  Arts. 

^^H 

^^^                 Aria. 

c  History  of  Music. 

^^^1 

d  Oriental  Literature. 

^^^1 

^^^^H                Europe. 

s  ClaAicnJ  Literature, 

^^^M 

^^^H         «  Medieral  PoUtical  UiBtory    of 

/  Modern  Literature. 

^^H 

^^^^B                Europe. 

aa  Architecture. 

^^^H 

^^^^1         d  Modem   Political    History   of 

bb  Hue  Arts. 

^^^H 

^^^^B                Europe. 

cc  Music. 

^^^1 

^^^^B         «  PoKtical  History  of  America. 

9.  a  Primitive  Religions. 

^^^1 

^^^^^     4.  a  Histoiy  of  Ronun  IjEw. 

b  AsiaUc  ReligioQB. 

^^^1 

^H               b  History  of  CooimoD  Law. 

c  Semitic  Relipons. 

^^^H 

^H             aa  Comtitutlonal  Law. 

d  Christiauity. 

•^^^^H 

^H             bh  CrimioiJ  Law. 

aa  Rclipous  Institutions. 

^^^1 

^H              ee  Civil  Law. 

10.  a  Mechanics  and  Sound. 

^^^1 

^H             dd  History  of  Inbematlonal  Law. 

b  Light  and  Heat. 

^^H 

^H^          5.  a  History  of  Eoodoouc  Institu- 

e  Electridty. 

^^^1 

^^^^B 

d  Inorganic  ClMmistry. 

^^^1 

^^^^P         6  History  of  Eoooomic  Theories. 

t  Organic  Chemistry. 

^^^1 

^^^^          c  EooDomie  Law. 

/  Physical  Chonistiy. 

^^^1 

^H              aa  Fliuuic*. 

aa  >lcchanieal  Technology. 

^^^1 

^H             bb  ComtnereeaadTransportation, 

66  Optical  Technology. 

^^H 

^^^^        ec  L«bor. 

cc  Electrical  Technology. 

J 

^^^^l^^^TH^mSTOR^F 
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^^H 

-  emtinued                                            ^^^H 

^^^^1               10.  id  Cliemicol  Technology. 

d  Pliysical  ClHiiniBtry.                 ^^^H 

^^^H               11.   a  ThcoraUcvl  Astronomy. 

«  Piitliology.                               ^^^H 

^^^^H                      b  ABtropbysics. 

/  Raceomfttology.                       ^^^H 

^^^^1                      a  GcmlMy. 

aa  Syt^ate.                                     ^^^^M 

^^^^^^^H                   Omlog)'. 

bh  OonUi^ous  DiseaM*.                  ^^^H 

^^^^^^H|                e  Mineralogy. 

fc  Internal  Modicinc.                   ^^^| 

^^^^^^H             d  rhyuograpl^. 

dd  Surgery.                                   ^^^H 

^^^^^^H              «  Ueteorology. 

ef  Gynecology.                             ^^^H 

^^^^^^H            aa  Rurvffying. 

//  Ophthobnology.                          ^^^^| 

^^^^^^^f            bb  MctAllurgy. 

fffi  Thcr&pcuticfl.                              ^^^| 

^              13.   a  Botany. 

AA  Dentistry.                                 ^^^| 

^^^^^^                b  riuit  Pliystology. 

15.       I^ychological  Sdnioei;              ^^^| 

^^^^^^^H                c  Ecology. 

a  General  IWchology.                   ^^^| 

^^^^^^^1             d  B«ctvnology. 

b  Expvrioiaitai  P^ehology.        ^^^| 

^^^^^^^B              fl  Zoology*. 

e  CompAratiTD  Pl^obology.         ^^^| 

^^^^^^^^B                   Embryology. 

d  Child  PttychcJogy.                     ^^H 

^^^^^^^1              ff  Com[Mirativo  Anfttomy. 

t  AbnomMl  Psychology.              ^^^| 

^^^^^^^B               A  Phyaiology. 

18.      Sociolopcal  Scien«ar               ^^^| 

^^^^^^^^f             ea  Agronooiy. 

o  Sociftl  Morphology.                     ^^^H 

^                     6b  Velvrinaiy  Medicine. 

b  SocirI  Psychology.                        ^^^^| 

^^^^^^^        14.       Antliropologiciil  Sciences: 

c  Uiwg  orCii'iUiation.                  ^^^H 

^^^^^^^H               a  Vluiutm  Anatomy. 

d  Luws  of  Laiifcua^e  and  Myths.       ^M 

^^^^^^^B               b  Human  Physiolof^. 

e  EUinolog>-.                                ^^^^ 

^^^^F                     c  Neiirologj. 

aa  fiocial  Technology.                    ^^^| 

^^^H             It  was  also  resolved,  that  the  discussion  of  subjects  falling  under       H 

^^^H          the  first  four  divisions  should  be  held  in  the  forenoon  of  each  of  the       H 

^^^H          four  days,  from  Wednesday  until  Saturday,  and  those  relating  to^^H 

^^^H          the  three  divisions  of  l*ractical  Science  in  the  afternoon  nf  the  sam«^^H 

^^^H          days.   The  prograinme  was  thus  rearranged  bv  the  addition  of  the      ^ 

^^^H          following:  — 

^M 

^^^^K                                         B.  UTILITARIAn  SCIERCES                                      ^^H 

^^^^^^                  M  MliriO  Sdences : 

b  TrmiBportnttoa.                         ^^^H 

^^^^^^^               a  HTgt4««. 

c  ComniorvT.                                   ^^^^| 

^^^^^H              h  SuiHatJOD. 

d  Fottol  Service.                                ^^^1 

^^^^^^^H              «  OontaipMU  UiBCMM, 

•  Money  oud  Banking.                  ^^^H 

^^^^^^^H                   Internal  Medicin*. 

10.      TcdiDologicsI  Seiencos:             ^^^H 

^^^^^^^B               ff 

a  Mechanical  Technology.            ^^^H 

^^^^^H 

h  Kltvtrioal  Tvclioology.              ^^^H 

^^^^^H              f  Qynmlogy. 

e  Olipitiirad  Trcluiology.               ^^^| 

^^^^^^^                Dphtlialmolocr- 

d  Opiiral  Twtmokigy.                    ^^^H 

^^^^^^H                 fitology. 

^^^^1 

^^^^^^V            i  Tli«nip«utic«- 

^H 

^                      It  rVntistry. 

g  Agrononty.                                    ^^^H 

^^^^^^^        IS.      rmctical  Eocwoouc  Seioww; 

k  Votcriiuiy  Medidn«.                 ^^^| 

^^^^^H              a  ExlncUve     PKKluciiooa     of 

^^^1 

^^^^^H 

^^^^1 
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F.  REGXILATIVE  SCIEKCES 


ao. 


21. 


23. 


Ptmcticnl  Politicnl  Sdencm: 
o  Intemul  PracUcal  PoBtics. 
6  NittioiiaJ  FracUoal  F^litioi. 
e  Tftrifl". 
d  TRXRtion. 

«  MunicipnJ   rrnrtic&l  PolitiM. 
/  ColoQtal  Practical  Polili£s. 

Practical  L^al  8ciencM: 
a  International  Lav. 
fr  Const!  tutiutukl  Law, 


c  CriminBl  Law. 
d  Cinl  Law. 
22.      Pnictiul  Social  Sciences: 
o  l^estment  of  the  Poor. 
6  Treotment  of  the  Defective. 
e  Ttvatmeot  of  tbe  DepcudeDt. 
d  Trontmcnl  of  Vico  aad  Crima. 
«  Prolilems  of  Labor. 
/  Probltrns  of  the  Family. 


G.  Cm.TURAL   SCIEnCES 


Practical  Educationa]  Sciences: 
a  KiodeTKart«n  and  Home.  24. 

6  PnaiBTT  Edueatioa. 
e  UniversiUeB  and   Research  — 

SMoudarjr. 
d  Moral  Education. 

«  jErtliPtic  F^luailion.  25. 

/  Manual  Trsinisg. 
9  Univeratf. 
A  iJbrarin. 
i  Museums. 


;'  Publications. 

Practical  ..fi^thetio  Sckocm: 
a  Arebiteclure. 
6  F^e  Arte, 
e  Mniie. 
d  LaDdscap<^  Architecture. 

Practical  Rcligioua  Scicnma; 
a  Rvligioua  Education. 
b  Trainios  for  Keligious  Service- 
c  Uiasiooa. 
d  Religious  InflueDce. 


The  pro^rammp  was  again  thoroughly  revised  at  the  meeting  of  the 
Organising  Cutnmit.t4LH>  on  April  0,  1D03,  at  Hotel  Manhattan,  and  as 
thus  amended  was  Bubmitted  to  the  Administrative  Board  at  a  meet- 
ing held  in  New  York  on  April  11.  A  careful  consideration  of  the 
programme  at  this  meeting,  and  a  final  revision  marie  at  the  meeting 
of  the  Administrative  Bourd  ut  the  8t.  Louis  (.lub  April  30,  1003, 
brought  it  practically  into  its  final  shape,  with  such  minor  changes 
aa  were  found  necessary  in  the  latter  ilavH  of  the  Congress  due  to  the 
uncxpecte^l  derlinations  of  foreign  si)^akera  at  the  last  moment.  The 
ccmtinuoua  and  exacting  work  done  in  perfecting  the  programme  by 
each  member  of  (he  Organi7.ing  Committee  and  by  the  Chairman  of 
the  Administrative  Board  deserves  special  mention,  and  wa»  pro- 
dactivc  of  the  b<^  results  by  its  logical  appeal  to  the  neientiGe  world. 
The  pnigramme  as  finally  worked  out  in  orderly  drtail,  shortened  in 
many  dcpartuiente  by  various  exigencies,  may  be  foxind  on  pages  47 
to  40  of  this  volume. 


PARTICIPATION  AttD    SUPPORT 

Tlie  general  plan  of  the  Congress  having  been  determined  and  the 
prc;;Tamme  practically  perfected  by  May  1,  1903.  two  most  import- 
ant quustiooB  demanded  the  attention  of  the  Administrative  Board: 
first,  the  participation  in  the  Congress,  both  foreign  and  domestic; 
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second,  tlic  support  of  the  scieutific  public.  Al  a  meeting  of  the  Board 
held  ill  New  York  City  April  11,  1903,  these  points  were  given  full 
cunad oration.  It  was  determined  that  the  list  of  speakers  both  for- 
eign and  domestic  should  be  made  up  on  the  advice  of  men  of  letters 
and  of  scientific  thought  in  this  country,  and  accordingly  there  was 
sent  to  the  ofllcers  of  the  various  scientific  societies  in  the  United 
States,  to  heads  of  university  departments  and  to  every  prominent 
exponent  of  science  and  art  in  this  country,  a  printni  announcement 
and  tentative  programme  of  the  Congress,  and  a  letter  asking  advice 
as  to  the  scientists  beet  fitted  in  view  of  the  object  of  the  Congress 
to  prepare  on  address.  From  the  hundreds  of  replies  received  in 
responee  to  this  apj>pal  were  made  up  the  original  lists  of  inWt(^d 
speakers,  and  only  those  were  placed  thereon  who  were  the  choice  of 
a  fair  majority  of  the  representatives  of  the  particular  science  under 
selection.  The  Adininwtrative  Board  reserved  to  itself  the  full  right 
to  reject  any  of  these  immcs  or  to  change  ihcm  so  as  to  promote  ihc 
best  interests  of  the  Congress,  but  in  nearly  every  instance  it  would 
be  safe  to  aay  that  the  person  selected  was  highly  sat  isf actor}'  to  the 
great  majority  of  his  fellow  scientists  in  this  country*.  Many  changes 
were  unavoidably  made  at  the  last  moment  to  meet  the  situation 
caused  by  withdrawals  and  decHnatioas,  but  the  list  of  second  choices 
was  so  complete,  and  in  many  cases  there  was  such  a  delicate  balance 
between  the  first  and  second  choice,  that  there  was  no  difficulty 
in  keeping  the  standard  of  the  programme  to  its  original  high 
plane. 

It  was  early  determined  that  the  seven  Division  speakers  and  the 
forty-eight  Dep&rtme-nt  speakers,  which  occupied  the  first  two  daj's 
of  the  programme,  should  be  Americans,  and  that  (hesf.>  Division  ami 
Department  addresses  should  be  a  contribution  of  American  scholar- 
ship to  the  general  scientific  thought  of  the  world.  This  deciuon 
commended  itself  to  the  scientific  public  both  at  home  and  abroad, 
and  it  was  so  carried  out.  It  was  further  determined  that  the  Division 
and  Department  speakers  and  the  foreign  speakers  should  be  selected 
during  the  summer  of  1903,  and  that  the  American  participation  in 
the  Section  addresses  should  be  deterniinod  after  it  was  definitely 
known  what  the  foreign  participation  would  be.  In  view  of  the 
importance  of  the  Congress,  it  was  deemed  inadvis^le  to  attempt 
to  interest  foreign  scientific  circles  by  correspondence,  and  it  was 
further  decided  to  pay  a  special  compliment  to  each  invited  speaker 
by  sending  an  inviUlion  at  the  hands  of  special  delegates.  Arrange- 
ments were  therefore  tnade  for  Dr.  Newcomb  and  Professors  Miinster- 
berg  and  Small  to  proceed  to  Europe  during  the  summer  of  I9U3,  and 
to  present  in  person  to  the  scientific  circles  of  Kurope  and  to  the 
scientists  specially  dcaired  to  deliver  addresses  the  comp'cte  plan 
and  scope  of  the  Congress  aod  an  invitation  to  participate. 
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INVITATIONS  TO   FOREIGN   8PEAKEBB 

The  members  of  the  Organizinf;  Conunitlee,  armed  with  very  strong 
credentials  from  the  Stale  Departmeat  to  the  diplomatic  service 

Toad,  sailed  in  the  early  summer  of  1903  to  present  the  invitation  of 
,be  Exposition  to  the  selected  scientists.  Dr.  Ncwcomb  sailed  May  6, 
Professor  Mimsterberg  May  30,  and  Professor  Sm&U  June  6.  A  general 
tntemt  in  the  project  had  at  this  time  become  aroused,  and  there 
WM  aag\tred  a  respectful  hearing.  Both  the  President  of  the  United 
States  and  the  Emperor  of  Germany  expressed  their  warm  interest 
in  the  pUo,  and  the  State  Department  at  Washington  gave  to  the 
Congress  both  on  this  occasion  and  on  succeeding  occasions  its  effect- 
ive aid.  The  Director  of  Congresses  wishes  to  express  his  obligations 
both  to  the  late  Secretary  Hay  and  to  A3«8tant-Secretar>'  Loomis  for 
their  valuable  suggestions  and  courteous  cooperation  in  all  matters 
relating  to  the  foreign  participation.   Strong  support  was  also  given 

fihe  Committee  and  the  plan  of  the  Congress  by  Commissioner-General 
Lewald  of  Germany,  and  Commissioner-General  Lagrave  of  France. 
Throughout  the  entire  Congress  period,  both  of  these  energetic  Com- 
missioners-General placed  themselves  actively  at  the  disposition  of 
the  Department  in  promoting  the  attendance  of  scientists  from  their 
Kspective  countries. 
Geographically  the  division  hetween  the  three  members  of  the 
Organizing  Committee  gave  to  Dr.  Newcomb,  France;  to  Professor 
MOnsterberg,  Germany,  Austria,  and  Switzerland;  and  to  Professor 
.Small,  Kngland,  Russia,  Italy,  and  a  part  of  Austria.  It  was  also 
agreed  that  Dr.  Newcomb  should  have  special  oversight  of  the 
departments  of  Mathematics,  Ph>-8ic8,  Astronomy,  Hiolngy,  and 
Technology;  Professor  iMunslcrberg.  special  charge  of  Philosophy, 
PhiloI<^Ey.  Art:,  Education,  Psychology,  and  Medicine;  and  that 
Professor  Small  should  look  after  Politics,  Law,  Economics,  Theology. 
Sociology',  and  Religion.  The  Committc«  worked  independently  of 
each  other,  but  met  once  during  the  summer  at  Munich  to  compare 
ramlta  and  to  determine  their  closing  movements. 

The  public  and  even  the  Fxposition  authorities  have  probably 
never  realized  the  delicacy  and  the  extremely  careful  adjustment 
exercised  by  the  Organizing  Committee  in  their  fvummcr's  campaign. 
Scientists  are  as  a  class  sensitive,  jealous  of  their  reputations,  and 
loath  to  undertake  long  journeys  to  a  distant  country'  for  congreu 
purposes.  The  amount  of  labor  devolving  upon  the  Committee  to 
find  the  scientists  scattered  over  all  Europe;  the  careful  and  pains- 
taking presentation  to  each  of  the  plan  of  the  Congress;  the  appeal 
to  their  scientific  pride;  the  hearing  of  a  thousiand  objections,  and 
If  answering  of  each;  the  disappointments  incurred;  the  substi- 
tions  made  necessary  at  the  lost  moment;  —  all  sum  up  a  task  of 
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the  great«8t  difficulty  and  of  enormous  labor.  The  remarkable  succes? 
with  which  the  mtRsion  was  crowned  stands  out  the  more  promi- 
nently in  view  of  these  conditions.  ^STicn  the  Committee  returned  in 
the  lottor  part  of  September,  they  had  visited  every  important  coun- 
try of  Europe,  delivered  more  than  one  hundred  fifty  personal  invita- 
tiona,  and  for  the  one  hundred  twenty-eight  sections  had  secured  one 
hundred  seventeen  acceptances. 

At  a  meeting  of  the  Administrative  Board,  which  met  with  the 
Oi^nizhig  Committee  on  October  13,  1903,  a  full  report  of  the 
European  trip  was  received  and  wa>*s  and  means  considered  for  insur- 
ing the  attendance  from  abroad.  A  list  of  the  foreign  acceptances  wan 
ordered  printed  at  once  for  general  distribution .  and  the  Chairman  of 
the  Administrative  Board  was  requested  to  address  a  letter  to  each 
of  the  foreign  scientists  confirming  the  action  of  the  special  delegat'CF 
and  giving  additional  information  as  to  the  length  of  addresses,  an<l 
rules  and  details  governing  the  administration  of  the  Congrtsa. 

VRATU    or  Ffl»U}ERlCK    W.    UOLtS 

The  number  of  the  Administrative  Board  was  decreased  during 
the  summer  by  the  sudilen  death  of  the  Hon.  rrcderick  W.  Holls,  on 
July  23. 1903.  Mr.  Holls  bati  been  intensely  interested  in  the  develop- 
ment of  the  Congress  from  its  earliest  days,  and  was  very  instnt- 
tnental  in  determining  the  fnnn  in  which  tl  was  finally  promoted. 
His  great  influence  abroad  as  a  niemlier  of  the  Hague  Confercnec^ 
and  }m  high  standing  in  legal  and  literary  circles  in  this  country, 
renilered  him  ono  of  the  most  prominent  members  of  the  Board.  A 
resolution  of  regret  at  his  untimely  death  was  spread  upon  the  min- 
utee  of  the  Administrative  Board  at  the  meeting  in  October,  and  n 
was  decided  that  hia  place  uiwn  the  Board  should  remain  unfilled. 

DOUF.sric  PAnnapATioN 

At  this  same  meeting  of  October  13,  active  measures  were  taken  to 
forward  the  American  participation  in  the  Congress.  The  ncceeraty 
was  now  very  evident  that  our  strongest  men  of  science  must  be 
induced  to  take  part,  in  otxler  to  compare  favorably  with  the  leading 
minds  wliich  Europe  was  sending.  The  Organizing  Committee  were 
instructed  lo  consult  the  American  scientific  societies  and  as-sociations 
regarding  the  selt^ction  of  American  speakers,  and  also  in  reference 
to  presiding  officials  for  each  section.  Bix  weeks  was  considered  suf- 
ficient for  this  task,  and  the  Committee  were  asked  to  submit  to  the 
Administrativu  Board  at  a  uiectiag  in  New  York,  on  December  3 
and  4,  their  recommendations  for  Amenean  speakers. 

An  immense  amimnt  of  detailed  laljor,  in  the  way  of  correspond- 
ence, n<iw  devolved  upon  the  Organising  Committee  ua  well  as  upon 
the  Director  of  Congrascs,  and  a  branch  oflice  was  established  in 
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Wuhin^ton  equipped  with  clerks  and  stenographers  under  the  change 
of  Dr.  Newcomb,  who  devoted  the  greater  portion  of  his  time  for  the 
next  six  oKpnlbs  to  the  many  details  connected  with  the  selection 
of  foreign  and  American  speakers  and  chainuen.  The  meeting  of  the 
Administrative  Board  in  New  York  in  December,  and  a  similar 
meeting  with  the  Oi^nizing  Committee  held  at  the  St.  Louis  Club  on 
Dec«mber  28,  were  given  over  entirely  to  perTecttng  the  personnel  of 
the  programme.  Great  care  was  exerted  in  selecting  the  chairmen 
of  the  departments  and  sections,  inasmuch  as  they  must  be  men  of 
international  reputation  and  conceded  strength.  For  the  secretary- 
ships  younger  men  of  promise  and  ability  wore  selected,  chiefly  from 
university  circles.  Both  the  chairmen  and  secretaries  served  without 
compensation. 

The  work  of  the  late  winter  was  a  coniinuance  of  the  perfecting  of 
details,  and  at  a  meeting  of  the  Administrative  Board  held  in  New 
Torlt  in  February,  1904,  a  final  approval  was  given  to  the  programme 
and  the  speakers.  The  imminent  approach  of  the  Exposition  and  the 
Work  of  the  college  commencement  season  made  it  impossible  for 
further  general  meetings,  and  on  June  1  the  Organizing  Committee 
wM  constituted  a  committep  with  power  to  fill  vacancies  in  the  pro- 
grmimneor  to  amend  the  programme  as  circumstances  might  demand. 
All  suggestions  with  reference  to  details  were  to  be  made  dlrectJy  to 
the  Director  of  Congresses,  upon  whom  devolved  from  this  time  for- 
thc  entire  executive  contrcd  of  tlie  Congress. 


ASSRHBLY   HALLS 

The  highly  diversific<l  nature  of  the  Congress  and  the  holding  of 
one  hundred  twenty-eight  section  meetings  in  four  days'  time  ren- 
dered necessary  a  large  number  of  meeting-places  centrally  located. 
The  Exposition  was  fortunate  in  having  the  use  of  the  now  plant  of 
the  Washington  University,  nine  large  buildings  of  wliich  had  been 
erected.  Many  of  these  buildings  contained  lecture  halls  and  as-icmbly 
rooms,  seating  from  one  hundred  fifty  to  fifteen  hundred  people. 
Sixteen  halls  were  necessary  to  accommodate  the  full  number  of 
sections  running  at  any  one  time,  and  of  this  number  twelve  were 
available  in  the  group  of  Cniveraity  Buildinjr«;  t.he  other  four  were 
found  in  the  lecture  halls  of  the  Education  Building,  Mines  and 
MetAllurg>'  Building,  Agriculture  Building,  and  the  Transportation 
Building.  Tlie  opening  exercises,  at  which  the  entire  Congress  vas 
aaaembled,  was  held  in  Festival  Hall,  capable  of  seating  three 
thousand  people.  In  the  a3.<tignment  of  halls  earc  was  taken  so  far  as 
possible  to  assign  the  latter  imlls  to  the  more  popular  subjects,  but  it 
often  happened  that  a  great  speaker  was  of  necessity  assigned  to 
a  smaller  hall.  Two  of  the  halls  also  proved  bad  for  speaking  owing 
to  the  traffic  of  the  Intramural  Railway,  and  there  was  lacking  in 
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nearly  all  of  the  halls  ihat  academic  peace  and  quiet  which  usually 
surrounds  gatherings  of  a  scientific  nature.  Thiii,  however,  was  to  be 
expected  in  an  exposition  atmosphere,  and  was  readily  acquiesced 
kk  by  the  speakers  thomsclvcs,  and  very  little  objection  was  heard  to 
the  halls  as  assigned.  Every  one  seemed  to  recognize  the  fact  that  the 
immediatcvalueof  themeeliuglayin  the  commingling  and  fellowship, 
and  that  the  addresses,  of  which  one  could  hear  at  most  only  one  in  six- 
teen, could  not  be  judged  in  the  proper  light  until  their  publication. 


BDPPOBT   OF  THE  SaENTIFlC   PtJBUC 

A  strong  effort  was  made  by  the  Organizing  Committee  to  secure 
the  attendance  of  an  audience  which  should  not  only  in  its  proportions 
be  complimentary  to  the  eminence  of  the  speakers,  but  also  be  thor- 
ouglily  appreciative  of  the  addresses  and  conversant  with  the  topic 
under  discustiion.  Letters  were  therefore  scut  to  all  of  the  prominent 
scientific  societies  in  the  United  States,  asking  that  wherever  possible 
the  meetings  of  the  society  be  set  for  the  Congress  week  in  St.  Louis, 
and  wherever  this  was  not  possible  that  the  societies  send  special 
del^ates  to  attend  the  Congress,  and  urge  their  membership  to  make 
an  effort  to  be  present.  Personal  letters  were  also  sent  to  the  loading 
members  of  the  different  professions  and  sciences,  to  the  faculties  of 
universities  and  colleges,  urging  them  to  attend,  and  pointing  out  the 
necessity  of  the  support  of  the  American  scientific  public. 

Special  invitations  were  also  sent  Ln  the  name  of  the  Organizing 
Committee  to  the  leading  authorities  of  the  various  subjects  under 
disctisaion  in  the  Congress,  asking  them  to  contribute  a  ten-minute 
paper  to  any  section  in  which  they  were  particularly  interested.  The 
result  of  this  careful  campaign,  in  addition  to  the  general  exploita- 
tion which  the  Congress  received,  was  such  a  flattering  attendance  of 
American  scientists,  as  to  be  both  a  compliment  to  the  European 
Speakers  and  a  benefit  to  scientific  thought.  Many  societies,  such  aa 
the  American  Neurological  Association.  American  ]*luIologicol  Asso- 
ciation, American  Mathematical  Society,  Physical  and  Chemical 
Societies  of  America,  American  Astronomical  Society,  Germanic  Con- 
gross,  American  Klcctro-Therapcutic  Association,  held  their  annual 
meetings  during  the  v  eek  of  the  Congress,  although  the  date  rendered 
it  impossible  for  the  majority  of  the  associations  to  meet  at  that  time. 
The  eighth  International  Geographic  Congress  adjourned  from  Wash- 
ington to  St.  Louis  to  meet  with  the  Congress  of  Arts  and  Science.  In 
response  to  the  special  invitatioiis,  two  hundred  forty-seven  ten- 
minute  addresses  were  promised  and  one  hundred  two  actually  read. 

RXCEPTION   or  POBEIQN   OCESTS 

Ever>*  effort  was  made  by  the  Department  of  Congresses  t^  usiat 
the  foreign  speakent  in  their  traveling  arrangements  and  to  malM 
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nuttere  as  ed£y  ftnd  oomfortftble  a»  pos^ble.  A  letter  of  advice  was 
mailed  to  each  speaker  prior  to  his  departure,  carefully  setting  forth 
the  conditions  of  American  travel,  routes  to  be  followed,  reception 
committees  to  be  met,  and  other  essential  details.  The  official  badge 
of  the  Congress  was  also  mailed,  so  that  those  wearing  them  might 
be  efteily  identified  by  the  reception  coniaiitt^es  both  in  New  York 
and  St.  Louis.  Nine  tenths  of  the  speakers  came  by  the  way  of  New 
York,  and  in  order  to  facilitate  the  clearance  of  their  baggage  and  to 
provide  for  their  fitting  entertainment  in  New  York,  a  special  recep- 
Uon  committee  was  formed  composed  of  the  following  members:  — 

F.  F.  Keppel,  Columbia.  Univcnity,  New  York  C^ty,  CKiuanftn. 
Prof.  Herbert  V.  Alil>ott,  New  York.     Robert  IlopK-t,  New  York. 


B.  Airowamitb,  Mew  York. 

C.  Williun  BMbK.  N^  York. 
George  B«ndeUri,  New  York. 
£dw&rd  W.  Berry,  PMeaic. 
J.  FuUcr  Berry,  Old  Forge, 

R*v.  B.  C.  Birckhcftd,  New  York. 
Dr.  James  11.  Ca&field,  New  York. 
Rvv.  G.  A.  CArsb-iuion,  New  York. 
Prof.  H.  S.  Crwnpton,  New  York. 
Suford  L.  Cutter,  New  York. 
Dr.  Israel  Davidvon,  New  York. 
Winiam  H.  Davis,  New  York. 
Putt.  Junes  0.  F^rt,  New  York. 
Dr.  Haven  Eni«rBon,  New  York. 
Prof.  T.  S.  FWte,  New  York. 
J  D.  Fits-OenUd,  Q,  Newark. 
W.  D.  Foibes,  Uoboken. 
Cljfdfi  Furet,  Yonkera. 
ftlUiam  K.  Qregori*.  New  York. 
George  C.  O.  EaM.  New  York. 
Prot.  W.  A.  Uervey,  New  York. 
Carl  Henog,  New  York. 


Dr.  PtTcy  Hiij|{1k«,  Rrouklyn. 
Prof.  A.  V.  W.  jMkeon,  New  York. 
Albeit  J.  W.  Kern,  New  York. 
Prof.  Cliarlct  F.  Kruh,  Orange. 
Dr.  George  F.  Kuax.  New  York. 
Prof.  L,  A.  Louwcoux,  New  York. 
Frederic  L.  Luqueer,  Brooklyn. 
R.  A.  V.  HinckwiU,  New  York. 
Charles  A.  Nelson,  New  York, 
Dr.  Harry  B.  Pcnhollow.  New  York. 
Prof.  E.  b.  Pwry,  New  York. 
John  Pohlmao.  New  York. 
Dr.  Ernest  Itich»rd,  New  York- 
Dr.  K.  E.  RichUr,  New  York. 
Kdwanl  Ruw,  Holioken. 
Prof.  C.  L.  Speranza,  Ottk  lUdge. 
Prof.  iVandi  U.  Stoddanl,  New  York. 
Dr.  Anthooy  f^itxlui,  Goodground. 
Har\'ey  W.  Thayer.  Brooklyii. 
Prof.  H.  A.  Todd.  New  York. 
Dr.  E.  M.  Wahl.  New  York. 
Prof.  F.  B.  WUkvns,  New  York. 

To  each  foreign  speaker  was  extended  the  courtcaicfl  of  the  Century 
and  the  University  clubs  while  remaining  in  New  York  City.  Mention 
sbaulil  also  be  made  of  the  assistance  of  the  Treasury  Department 
and  of  the  courtesy  of  Collector  of  the  Port,  Hon.  N.  N.  Stranahan, 
through  whom  special  privileges  of  the  Port  were  extended  to 
the  members  of  the  Congreaa.  The  work  of  the  reception  conunittee 
WBB  roost  satisfactorily  and  cfhciently  performed,  and  was  highly 
sppreeiatcd  by  the  foreign  guests.  Special  acknowledgment  is  due 
Mr.  F.  P.  Kcppel,  of  Columbia  University,  for  his  painstaking  and 
efficient  management  of  the  affairs  of  the  committee  in  New  York. 
Many  of  the  i^pcakers  proceeded  singly  to  St.  Louis,  stopping  at  vari- 
ous places,  but  the  great  majority  went  directly  to  the  University  of 
Chicago,  where  they  were  entertained  during  the  week  preceding  the 
Coogreaa  by  President  Harper  and  l*rufe8Bor  Small ,  of  the  University 


22 


THE  HISTORY  OF  THE  CONGRESS 


of  Chicago.  The  arrivals  at  St.  Louis  wcrn  made  on  Saturday  the  I7th 
»nd  Sunday  ihp  I8th  of  September.  Many  of  the  partifiipants  had 
arrivGii  at.  earlier  dates,  and  fully  twenty  of  the  speakers  were  mcm- 
hf!n  of  the  International  Jury  of  Awards  for  their  respective  countries, 
and  had  been  in  St.  Louis  since  September  1,  the  bc^inaing  of  the 
Jury  work. 

A  reception  committee  similar  to  that  in  New  York  waa  also 
formed  at  St.  Louis  from  the  members  of  the  University  Club,  and 
their  duties  were  to  meet  all  inooming  trains  and  conduct  the  members 
of  the  Congress  personally  to  their  stopping-places,  and  assist  them 
in  all  matters  of  detail.  This  committee  was  comprised  of  the  follow- 
ing members,  nearly  all  of  the  University  Club,  who  perfonned 
their  work  efficiently  and  enthusiastically  to  the  great  satisfaction 
nf  the  EKposition  and  to  the  thorough  appreciation  of  the  foreign 
guests:  — 


V.  U.  Porter,  Chnimun, 

St.  Louis. 

Cftri  U.  Lagenburg, 

St.  Louis. 

E.  H.  Afigert. 

8t.  IxtUH. 

Svfira  I^htnann, 

St.  Louis. 

Gouvcmeiir  CsUioun, 

St.  Louw. 

G.  F.  Paddock. 

St.  Louis. 

W.  M.  Clmuvciiet. 

Ht.  Louis. 

T.  G.  Uutk-dgi', 

St.  Louis. 

H.  0.  ClcvcUiud. 

St.  LouU. 

Lutber  Ely  Smith. 

St.  Louis. 

Mr.  M.  B.  Cloplon, 

St.  Louis. 

J.  Clan>noe  Tauasig, 

St.  Louis. 

Walter  Fischd. 

St.  Louis. 

C.  E.  L.  Thomu, 

St.  Louis. 

W.  L.  R.  Gifford, 

St.  Louts. 

W.  M.  TompkiDA, 

Si.  Louis. 

E.  M.  GniMtDiui, 

SI.  Louis. 

G.  T.  WeiUel, 

St  Louie. 

L.  W.  llagerniaii, 

St.  Louts. 

TyrreU  Willinmn, 

St.  Loula. 

Louli  La  Bcaume, 

St.  LouLs. 

The  itiDcrary  of  the  foreign  speakers  after  leaving  St.  Louit;  at  the 
end  of  the  Congress  took  them  oti  appointed  trains  to  Washingion, 
where  they  were  given  an  ofiicial  reception  by  President  Kixisevclt 
and  a  reception  by  Dr.  Simon  Newcomb,  President  of  the  Congress. 
From  here  they  proceeded  to  Har\'ard  University,  Cambridge,  TklasH., 
where  they  were  given  a  reception  by  Prof.  Hugo  Mtinsterberg, 
and  were  entertained  as  guests  of  Harvard  University.  Thence  the 
great  majority  of  the  speakers  retiumed  to  New  York,  where  they 
were  the  guests  of  Columbia  Univeralty,  and  were  given  a  farewell 
dinner  by  the  Association  of  Old  German  Students.  Many  of  the 
speakere.  however,  visited  other  portions  of  the  country  before 
rctuiniing  to  Europe. 

The  foreign  speakers  while  in  St.  Louis  were  conaidered  the  guests 
nf  the  Exposition  Company,  and  were  relieved  from  all  core  and 
expense  for  rooms  and  entertainment.  Thoee  who  were  accompanied 
by  their  wives  aad  daughters  were  entertained  by  prominent  St.  LouLi 
families,  and  those  who  come  singly  were  quartered  in  the  dormit^jry 
uf  the  Washington  University,  which  was  set  aside  for  this  purpose 
during  the  week  of  the  Coogreas.  The  dormitory  arrangemenl  prove 
a  very  happy  ciroumstanoe,  as  neatly  one  hundred  foreign  and  Amt 
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icftn  sricntiaU  of  the  highest  rank  were  thrown  in  contact,  much  aft«r 
the  fAshton  of  their  student  days,  and  thoroughly  enjoypd  the  novelty 
and  fellowship  of  the  plan.  The  dormitory  contained  ninety-aix 
rooms  newly  6tt«i  up  with  much  core  and  with  all  modem  con- 
^H  venieoees.  Light  breakfasts  were  »or^'cd  in  the  roomt*.  and  special 
^H  service  provided  at  the  call  of  the  occupants.  The  situation  of  the 
^H  donnitor}'  also  in  the  Exposition  grounds  in  close  proximity  to  the 
^^BBenibly  halls  was  highly  appreciated,  and  although  &t  times  there 
HHwe  minor  matters  which  did  not  run  so  smoothly,  the  almoat 
unanimous  expression  of  the  guests  of  the  Exposition  was  one  of 
delight  and  appreciation  of  the  arrangements.  Special  mention  ought 
^^  in  justice  to  be  made  to  those  residents  of  St.  Louis  who  sustained 
^H  the  time-honored  name  of  the  city  for  hospitality  and  courtesy  by 
^M  entertaining  those  foroipi  members  of  the  Congress  who  were  aocom- 
™  punted  by  the  immediate  members  of  their  family.  They  were  as 
fellows:  — 


Dr.  C.  Btmk 
Dr.  Willinm  Bnrtlrtt 
Judge  W.  F.  Itoylc 
Mr.  Hobcrt  Hrookiitga 
Mra.  J.  T.  DftVM 
Dr.  Samuel  Dodd 
Mr.  L.  D.  Dozicr 
Dr.  W.  E.  Fiachel 
Mr.  Ix>ihs  Fiiu 
Mr,  August  Uelmer 
Dr.  M.  A.  Giil<l.-rt*-iii 
Mr.  Clinrlw  H.  Uutlig 
Dr.  Kru(.<6t  Jonas 
Mr.  R.  McKittrick  Jonni 
Mr.  F.  W.  I.«hniiion 
Dr.  Robert  Lutdeking 


Mr.  Edw-ird  Mnllnickrodt 
^(r.  Occrgc  D,  Kloritham 
Mr  Thomas  McKittrick 
Mr.  Thvodom  Slcier 
r>r.  S.  J.  Niccolb 
Dr.  W.  F.  Nolkcr 
Dr.  S.  J.  Schwab 
Dr.  Henry  ^hwnrti 
Mr.  Corwin  H.  8p«iic«r 
Dr.  WUliam  Tauwi^ 
Mr.  G.  H.  Tonbroek 
Dr.  Hemian  Tuholske 
Hoo.  KoUa  Wolhi 
Mr.  Edwards  Wbitoker 
Mr.  Charlee  Wa«lSng 
Mr.  Max  Wuclfing. 


DETAtL  OP  THK   tWSGREaS 

The  immense  amount  of  detail  \vork  which  devolved  upon  the 
Department  in  the  matter  of  preparing  halls  for  the  meetings,  receiv- 
ing guests,  providing  for  their  comfort,  issuing  the  programmes, 
managing  the  detail  of  the  receptions,  banquet.s.  invitations,  etc., 
pro%*iding  for  registration,  payment  of  honorariums,  and  furnishing 
information  on  every  conpcivahle  topic.  rendere<i  necessary  the  fop- 
DUtion  of  a  special  bureau  which  was  placed  in  charge  of  Dr.  L.  O. 
Howard  of  Washington,  D.  C.,aa  Executive  Secretary.  Dr.  Howard's 
long  experience  as  Secretary  of  the  American  .Association  for  the 
Advancement  of  Science  rendered  him  t>articular!y  well  qualified  to 
■arame  this  laborious  and  thankless  task.  By  mutual  arrangement 
the  Director  of  Congresses  and  the  Executive  Secretary  divided 
the  field  of  labor.  The  Director  had,  in  addition  to  the  general  over< 
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sight  of  the  Congresa,  special  supemsion  of  the  local  reception  com- 
mittee, the  entertainment  of  the  guests,  official  banquets  and  enter- 
tainments, and  all  financial  details.  The  Executive  Secretary  took 
entire  charge  of  the  programme,  assignment  of  rooms  in  the  dormi- 
tory, care  and  supervision  of  the  dormitory,  assignment  of  halls  for 
speakers,  registration  books  and  bureau  of  information.  Or.  Howard 
arrived  on  September  1  to  begin  his  duties,  and  remained  until 
September  30. 

WEEK   OF  THE   CONGRESS  ~ 

Tie  opening  session  of  the  Congress  was  set  for  Monday  afternoon, 
September  19,  at  2.30  o'clock  in  Festival  Hall.  The  main  programme 
of  the  Congress  began  Tuesday  morning.  The  sessions  were  held  in 
the  mornings  and  afternoons,  the  evenings  being  left  free  for  social 
affairs.  The  list  of  functions  authorized  in  honor  of  the  Congress  of 
Arts  and  Science  were  as  follows;  — 

Monday  evening,  September  19,  grand  f$t«  night  in  honor  of  the 
gue«t*5  of  the  Congress,  with  special  musical  profiramme  about  the 
Grand  Basin  and  lagooiie,  boat  rides  and  lagoon  fete;  this  function 
was  unfortunately  somewhat  marred  by  inclement  weather.  It  wa^i 
the  only  evening  free  in  the  entire  week,  however,  for  members  of 
the  Congress  to  nntness  the  illuminations  and  decorative  evening 
effects. 

Uanquet  given  by  the  St.  Louis  Chemical  Society  at  the  Southern 
Hotel  to  members  of  the  chemical  sections  of  the  Congress. 

Tuesday  evening,  September  20,  general  reception  by  the  Board 
of  La^iy  Managers  to  the  ofiicers  and  speakerg  of  the  Congress  and 
officials  of  the  Kxposition. 

Wednesday  afternoon,  September  21,  garden  fule  given  to  the 
members  of  the  Congress  at  the  French  National  Pavilion  by  the 
Commissioner-General  from  France.  The  gardens  of  the  miniature 
Grand  Trianon  were  never  more  beautiful  llian  on  this  brilliant  after- 
noon, and  the  presence  of  the  Garde  K^publicaine  band  and  the  entire 
official  representation  of  the  Exposition,  lent  a  color  and  spirit  to  the 
affair  unsurpassed  during  the  Exjwsition  period. 

Wednesday  evening,  reception  by  the  Imperial  German  Commis- 
sioner-General to  the  officers  and  speakers  of  the  Congress  and  the 
officials  of  the  Exposition,  at  the  German  State  House.  The  magni- 
ficent hospitality  which  characterized  this  building  during  the  entire 
Exposition  period  was  fairly  outdone  on  this  occasion,  and  the  func- 
tion Mands  prominent  aa  one  of  tlie  brilliant  euocessea  of  the  Exposi- 
tion period. 

Thureday  evening,  September  22,  Shaw  banquet  at  the  Buckings 
ham  Club  to  the  foreign  dologatca  and  officera  of  the  Congress, 
Through  the  courtesy  of  the  trustees  of  Shaw's  Garden  and  of  the 
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oSicora  of  Washingtou  Vnivemity,  the  annuat  banquet  providMl  for 
men  of  Bctpnrc,  lettera,  and  affairs,  by  the  wilt  of  Henry  B.  Shaw, 
founder  of  the  Missouri  Botanical  Gardens,  was  given  during  this 
week  OS  a  compltment  to  the  noted  foreign  scientists  who  were  the 
guests  of  the  city  of  Ht.  Loui^. 

Friday  evening,  September  23,  official  banquet  given  by  the 
Expomtion  to  ttie  speakers  and  officials  of  tho  Congress  ami  the 
officials  of  the  Hxposition,  in  the  banquet  hall  of  (lie  Tj-rolcan  Alps. 

Saturday  evening,  September  24,  banquet  at  the  St.  Louis  dub 
given  by  the  Round  Tabic  of  St.  Louis,  to  the  foreign  members  of  the 
Otmgress.  Tlic  Round  Table  Is  a  literary  club  which  meets  at  banquet 
six  timed  annually  for  discussion  of  topics  of  interest  to  the  literary 
and  scientific  ivorld. 

Banquet  givoji  by  tho  Imperial  Commissioner -General  from  Japan 
to  the  Japanese  delegation  to  tho  Congress  and  to  the  Exposition 
officials  and  Chiefs  of  Departments. 

Dinner  given  by  ComDai88i(mer-<jcneral  from  Great  Britain  to  the 
English  members  of  tho  Congress. 

OPENING  or  THE  CONGKIiSS 

The  assembling  of  the  Congress  on  the  afternoon  of  September  10, 
in  the  magnificent  auditorium  of  Festival  Hall  which  crowned  Cascade 
Hill  and  the  Terrace  of  States,  was  marked  with  simple  ceremoniea 
and  impressive  dignity.  The  great  organ  pealed  the  national  hymns 
of  the  countries  participating  and  closed  with  the  national  anthem 
<rf  the  United  States.  In  the  audience  were  the  members  of  the  Con- 
gress representing  the  selected  talent  of  the  world  in  their  field  of 
scientific  endeavor,  and  about  them  were  grouped  an  audience  dravm 
from  everj*  part  of  the  United  States  to  promote  by  their  presence  the 
success  of  the  Congress  and  to  do  honor  to  the  noted  personages  who 
were  the  guests  of  the  Exposition  and  of  the  Nation.  On  the  stage 
were  sent(Kl  the  officials  of  the  Congress,  the  honorary  vice-presidents 
from  foreign  nations,  and  the  officials  of  the  Kxptwition. 

At  the  appointed  hour  the  Director  of  Congresses,  Dr.  HowanI  J. 
Rogers,  called  the  meeting  to  order,  and  outliaed  in  a  few  wonls  the 
object  of  the  Congress,  welcomed  the  foreign  delegates,  ai)d  prenented 
the  members,  both  foreign  and  American,  to  the  President  of  the 
ExpoBtion,  Hon.  Davi<l  R.  Fmncia. 

The  President  spoke  as  follows:  — 

Wlut  an  ambitious  undertaking  is  a  luiivenal  exporifJonl  But  how  worth;f 
it  ia  frf  the  l)iKl>«Bt  effort  I  And,  if  mcceoiful,  liow  far-rrschinK  am  ita  mulls, 
bow  lasting  it*  Iwnt'ritiil  Who  ulikU  pnM  judjpnmt  on  tlml  miccrm?  On  what 
evidonoe,  by  what  Btaodards  BhaJI  their  verdicts  be  foniied?  The  dcvelopntent 
of  tocietjT,  tho  odvuiieoiucnt  of  dviliiKtioa,  involvu  mnity  piublcius.  encounter 
many  and  ocnnus  difficultiee,  and  have  met  vrith  deplorable  trnrtions  which 
dfHtdfl*  and  centuiiM  were  required  to  repair.   The  proper  study  of  mankind  is 
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nuui,  and  bay  progrvm  id  kmhcc  that  ignores  or  loat»  sigbt  of  bi«  welfare  and 
happinen,  however  admitsble  and  wondeifu]  nioli  prosreMjnay  be,  disturbe  the 
equiUbrimu  uf  aoeiety. 

The  tendency  of  the  times  toward  centralieatioa  or  unification  b,  from  an 
economic  standpoint,  a  drifting  in  the  right  direction,  but  the  piloting  must  be 
done  by  akillf ul  h&rtda,  undc^r  th«  supervi^n  and  control  of  far-string  minds,  who 
will  rcmF.inl)cr  that  tiiif  ttiiuai.ti  iiro  human  boingawhose  ixlucatiou  mid  expanding 
intdligeooe  are  constantly  brondeninj;  and  emphsaiaing  their  individuality.  A 
UBivemd  exptnition  affords  to  iia  visitors,  and  cbow  who  Bysteataticolly  study  itt 
exhibits  and  ita  pliOBLv,  an  un«<iiialcd  oppurtunity  to  view  the  general  progress  and 
development  of  aQ  oountriea  ood  all  raoes.  Every  line  of  human  endeawr  is  Iwrc 
repretKoted. 

The  conventions  lif  rfttofom  hrid  on  tlitar  grounds  and  many  planned  to  bt- 
held  —  aggregating  over  three  hundred  —  have  been  confined  in  tU-tr  dehlxTH* 
tiona  to  special  lines  uf  thought  or  activity.  This  intematiooal  concress  of  arts 
and  sciences  is  the  most  cumprchmsive  in  its  plan  and  scope  of  any  cvtr  held, 
and  is  the  firet  of  tt«  kind.  Tlic  lint-s  of  its  organization,  1  shall  leave  the  t^rr  ctor 
of  exhibits,  who  Is  also  a  member  of  the  administrative  board  of  this  congress,  to 
explain.  You  who  are  members  are  already  ad\iacd  as  to  its  scope,  and  your 
ahnost  univerml  and  prompt  acoeptanc*  of  the  invitattona  oxlended  to  you  to 
participate,  implies  an  approval  which  we  appreciate,  and  indicates  a  wiUingnees 
and  a  desire  to  eo<^porftte  ta  an  effort  to  biimi,  into  intelligent  and  bcucfiritil  com" 
lation  all  branohea  of  sdenee,  all  lines  of  clwught.  You  need  no  argument  to  con- 
vinro  you  of  the  eminent  fitness  of  making  Kurh  a  congrrss  a  prominent  feature 
of  a  universal  exposition  in  which  education  is  the  dominant  feature. 

TIm*  fldministrative  Ixiard  anil  the  organiiing  conimilt^  have  discliarged  th^-ir 
oneroua  and  responsible  tasks  with  signal  lidehly  and  ability,  and  the  success  that 
has  rewarded  their  efforts  js  a  lasting  monument  to  their  wlvdoni.  The  manage- 
ment o(  the  Exposition  tendcn  to  them,  collectively  and  individually,  its  grateful 
acknowledfimenta.  Tlie  nipmberahip  in  this  congress  reprMcnta  the  world's  eU-rt 
ID  research  and  in  thought.  The  participants  were  selected  aft«r  a  careful  survey 
of  Um  entire  field  ;  no  limitations  of  national  liutuidMritw  or  racial  affiliations 
have  been  observed.  The  Universal  Exposition  of  1901,  the  city  of  St.  Louis, 
the  Louisiana  territory  whoso  acquisition  we  ar«  celebrating,  the  entire  country, 
and  all  parti  ripating  in  or  visitiag  this  Exposiliun  ore  grateful  fur  your  coming, 
and  feel  honored  by  your  presence. 

We  are  proud  to  welcome  you  to  a  BOene  whM«  are  presented  tlie  best  and  high- 
est material  products  of  all  coimtries  and  of  m-ery  dvUixatioa,  participated  in  by 
all  peoplid,  fnmi  the  most  primitive  to  the  moot  highly  ctiltured  —  a  mnrker  in  tlie 
progreas  of  the  world,  and  of  w  hich  the  International  Congress  trf  Arts  and  Science 
is  the  crowning  feature. 

May  the  atmuspbue  of  this  univm:))  exposition,  charged  as  it  ia  nith  the 
restless  energJBS  of  every  phase  of  human  activity  and  permeated  by  Ihut  ineffable 
sentiment  of  univcntal  brotherhood  engendered  by  the  intelligentaonsof  God,  con- 
gregating for  the  friendly  rivalries  of  peace,  inspire  you  with  even  higher  thoughts 
—  unbue  you  with  vtill  broader  ayinpathios,  to  Um  sod  that  by  your  future  labors 
you  may  be  still  more  helpful  to  the  human  race  and  place  your  fellow  men  under 
yvt  deeper  obligations. 


Director  Frederick  J.  V.  Skiff  was  tben  introduced  by  the  Prc«- 
dent  H6  rcprcflcnting  the  Di\*is)on  of  Exhibits,  whose  untiring  labors 
hadfillefl  tlic  magiufircni  Expiwrion  palnecs  surrounding  th^Fe^tivat 
Hall  witb  the  visible  products  of  ihow  adcnces  and  arta,  the  theory. 
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progress,  and  problems  of  which  the  Congress  was  assembled  to 
consider. 
Mr.  Skiff  spoke  as  follows:  — 

Tbc  divinoa  of  osiiiUtB  of  tlie  Uoiv^rml  KnposiUou  of  1001  lias  looked  (or- 
vmrd  to  tJiis  tune,  wheQ  the  work  it  has  performed  ts  to  be  reviowod  and  diwniased 
bjr  (ilia  distioguislied  body,  I  do  not,  of  coune,  inlcnd  to  oonvcjr  tlie  id<a  that 
tfae  Jntomationid  oongreaa  ia  to  inapect  or  criticise  the  exhibitiona,  but  I  do  mean 
tn  aajr  thai  the  dcliljcrftUona  of  this  organieation  art;  contrj»porani.>oiM  with  and 
thmre  tiua  rwponsiliility  for  the  accomplUhnienU  of  which  the  exhihitiooa  made 
u«  tbo  vittblo  evitlcQcoa. 

The  great  educational  yield  of  a  univental  exposition  comes  from  the  intdleo- 
tual  more  than  from  tlis  mrchaiiioil  ])n>cees«s,  It  ia  the  matwal  condition  of  the 
times.  It  ia  as  wdl  the  duty  of  th«  responaibtc  authorities  to  go  yet  further  and 
r«oord  the  ttioughts  and  Ui<-onea,  the  invt^tigations,  experimntta,  and  oliarnra- 
tnna  of  which  theae  material  things  are  the  taiigibla  reaolta. 

A  ooogren  of  arU  and  science,  vhoee  membership  is  drawn  from  ail  educational 
aa  wall  aa  geographical  aoaea,  nut  only  acoouuta  for  and  analyaea  the  pbiloaophy 
of  coodJtiona,  but  potnta  the  vrny  for  further  advance  along  the  linea  conaistcnt 
with  demonstration.  Its  contribution  to  the  hour  la  at  onoo  a  hlstoty  and  a 
prophecy. 

The  ext«nt  to  which  the  ddtlivrationa  and  utteranoea  of  this  congreaa  may 
ngulate  the  development  of  society  or  give  impulse  to  vucceedlng  generations,  it 
is  impoMible  to  caiimutc,  but  not  uurvaaouablo  to  aotJcipate.  The  plans  of  the 
uoogrwB  mstuied  in  the  minds  of  the  beet  acbolara;  the  duasification  of  ita  pur- 
poae.  the  scope,  the  selection  of  ita  distinguished  participants,  gave  to  the  hopea 
and  ambitions  of  the  management  of  the  Exposition  inspiration  of  a  most  exalted 
ila|.iai  At  first  Ihesv  wiiUtioitn  were  —  fiat  withuut  rvaauu  —  regarded  as  too 
high.  The  plane  upon  which  the  ooogresa  bad  been  inaugurated,  the  aim,  the 
broad  intent,  seemed  beyond  the  merits,  if  not  beyond  the  capcwity ,  of  tbia  lutherto 
ooi  widely  recognised  intellectual  ceatro.  But  the  courage  of  the  inoeptaon,  the 
loftintwi  of  the  purpose,  appealed  ao  profoundly  to  the  toilers  for  tnith  and  the 
apoatlea  of  fact,  that  we  find  gathered  here  to-day  in  the  heart  of  the  new  WcMtem 
continent  the  great  miuda  wboae  impress  on  society  has  rimdered  posnble  the  iiitel- 
laetual  heights  to  which  this  age  has  ascended  and  now  lieckon  forward  the  stu- 
dents of  the  world  to  limitless  poGsibilities. 

While  intonialionul  congrusacs  of  literature,  aeiencc,  art,  and  iuduatry  have  been 
aceompliahed  by  previoua  expositions,  yet  to  claaEify  and  select  the  topics  in  sym- 
pathy with  the  dasai&cation  and  installation  of  the  exhibits  material  ia  a  step 
eoVMiderably  in  advance  of  the  custom.  The  men  who  build  an  exposition  must 
by  temperament,  if  not  by  diaracteriatic,  be  educators.  They  miut  be  in  H)'tii- 
patby  with  the  welfare  of  liuiuanity  and  its  higher  destiny.  The  exhibitions  at  this 
Exposition  are  not  the  haphazard  gatheringa  of  convenient  material,  but  the  out* 
come  of  a  plan  to  illustrate  liie  produetivencss  of  mankind  at  this  peilicular  lime, 
Gudnlty  digested,  thoroughly  thought  out,  and  conactentioudy  executed.  The 
exhibit,  therefore,  in  each  of  the  departments  of  the  claasifieAtion,  as  well  as  in  the 
groups  oT  the  diSerent  departmenta,  are  of  such  churacler.  and  bo  arranged  aa  to 
reflect  the  beat  Uiat  tho  world  can  do  along  drptutincnial  line*,  and  the  Ixwt  that 
different  peoples  can  do  along  group  lioee.  The  ooagrcesce  accord  with  the  ex- 
hiblti,  and  the  vxhibila  ^ve  eecprcsslon  to  the  concreases. 

Education  has  been  the  keynote  of  thin  Exposition.  Were  it  not  for  the  cduca- 
tlooal  Idea,  the  acts  of  government  iH<oviding  vast  sums  of  money  for  the  up- 
buUiling  of  this  Gxpoaition  would  have  been  inipoasible.  This  congress  re6ects 
one  idea  vastly  outstripping  others,  and  that  is,  in  the  unity  of  thought  In  the 
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univRiud  conceit  of  purpooe.  It  is  th«  firat  iaine,  I  believe,  tlut  Uiere  Itu  been  ui 
iatematioiuJ  gathering  of  the  mithoritiM  of  alt  the  acieiKTs,  uid  in  that  respect 
the  oonKms  initiate  and  establishes  the  univenal  brothnrhood  of  scholare. 

A  thought  unoommunicatcd  ta  ot  liitlo  value.  Ao  unrvcorded  ucldovcniQiit 
is  not  an  asset  of  society.  The  reel  lasting  voluo  of  thie  congreaa  will  consist  of  tiie 
printed  r(sy>rd  of  itK  proociKlings.  The  ddivco'  of  the  addreaefl.  readiing  and 
appealing  to,  ns  must  ncceaaarily  be  th«  case,  a  very  limitod  number  of  people, 
can  be  coiuad<>Ted  aa  only  a  method  of  reaching  the  laating  and  perpetual  good  of 
civiliaation. 

In  juat  the  degree  that  this  Exposition  in  its  various  divisions  shall  make  a 
racord  of  accumplishmeutc,  nnd  lead  the  wa;  to  further  advance,  this  entorprise 
has  reached  tlie  eKpectationa  of  its  oontributors  and  the  hopes  of  its  promotCTs. 
Tbia  congress  is  the  peak  of  the  mountain  that  thi<«  Exposition  has  builded  on 
the  highway  of  progress.  From  its  beigfata  we  contcmplutc  the  past,  record  tlie 
presont,  and  gnx«  intfi  the  future. 

This  universal  exposition  is  a  world's  unirersi^.  The  International  Coogreaa^ 
of  Arts  and  ScJeocc  ooostitutcs  the  faculty ;  the  material  on  exldbitlou  art  tbt 
Isbomtoriee  and  the  museums;  the  students  are  moukind. 

That  in  response  to  utvitatJon  of  the  splendid  committee  of  patriotic  men.  to 
whom  all  pr^so  is  due  tor  thdr  efforts  in  thtti  crowning  glory  of  the  ExpoeitJon,  so 
eminent  a  f;athering  of  the  scholars  and  aavants  of  the  world  has  resulted,  speaks 
unniu^knbly  for  the  fraternity  of  the  world,  for  tiie  sympathy  of  its  citisenahip, 
and  for  the  patriotism  of  its  people. 

In  reply  to  these  Bcldreases  of  the  ofiiciaJa  of  the  Exposition,  the 
honorary  Vico-PresideDte  for  Great  Britain,  France,  Germany,  Rub-- 
aia,  Austria,  Italy,  and  Japan  made  brief  responses  in  behalf  of  their 
respective  countries. 

Sir  William  Ramsay  of  London  spoke  in  the  place  of  Hon.  Jamca 
Bryce,  extending  England's  thanks  for  the  courtesy  which  had  been 
shown  her  representatives  and  declaring  that  England,  particularly 
in  the  scientific  field,  looked  upon  America  as  a  relative  and  not  aa 
a  foreign  country. 

Franco  was  represented  by  Professor  Jean  Gaston  Darboux,  Per^ 
petual  Secretary  of  the  Academy  of  Sciences  of  Paris,  who  spoke  as 
follows:  — 

Hr.  Phesw&nt,  Laducs  and  GaMTLtucN,  —  My  Srst  word  will  be  to  tliank 
you  for  tlio  honor  wliich  you  have  been  ho  courtfoua  as  to  pay  my  country-  in 
reaer\-ing  for  her  one  of  the  TJce-prcaidandas  of  the  Congreea.  Since  the  time  of 
Frankltri.  wtio  received  at  the  hands  of  France  the  welcome  which  justice  and  hiji 
own  penonal  gmius  and  worth  demanded,  moat  affectionate  relations  have  not 
ceased  to  unite  the  scientists  of  France  and  the  scientists  of  America.  The  dis- 
tinction which  3rou  have  here  accorded  to  us  will  contribute  still  further  to  render 
those  relations  more  intimate  and  more  fraternal.  In  ctioosing  me  among  m  many 
of  the  better  fitted  delegates  sent  by  my  country,  you  have  «-ithout  doubt  wished  i 
to  pay  special  honor  to  the  Academic  dee  SdeooM  and  to  the  Institut  de  France, 
which  I  bave  the  boitor  of  rsprsssnttag  In  the  poaition  of  Pirpetual  Secretary. 
Permit  me  therefore  to  tliank  you  in  the  name  of  these  great  eucirtiis.  which  am 
happy  to  count  in  the  number  of  their  foreign  aasodatcs  and  of  tlieir  correspond* 
entaao  many  of  the  E<elioUino(  America.  lo  like niaoaerw  the  Institut  de  France. 
■0  ths  Coogrea  whidi  opens  lo-day  imIci  to  unite  at  the  maa»  tlnw  letteis,  sdenoe. 
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U)d  »rto.   We  shjUI  be  bappjriuid  proud  to  take  part  io  tbia  work  and  cODtrilnitc 
to  itsnicoeH. 

Gennany  was  reprewntcd  by  Professor  WUhelm  Waldeyer,  of  the 
Dnivcreity  of  Berlin,  who  replied  as  follows:  — 

ICr.  PuBstUBXT,  HoNURKD  AjwBMBLAUs,  — Tlie  cetwRied  invitBtion  which  has 
fa«B  ofTeird  to  nie  in  this  significant  hour  of  the  opening  of  the  CongruB  of  Arta 
Mtd  Science  to  gr^t  tbe  tnerab«rs  of  thia  congnee,  and  particulariymyeotMuned 
ootnpatriota,  I  hnvf  liod  no  dMira  to  decline.  I  have  bern  for  »  fortnight  und^r 
ttw  fi««  sky  of  this  mighty  city —  ao  I  must  expresB  myself,  since  enelMing  waUs 
are  unknoira  in  tlic  United  Stutea  —  and  tliia  fact,  t«getlier  with  the  hoapitoUty 
effaced  me  ia  luch  delight/ul  manner  by  the  Cbairmaa  of  the  Committee  on  Con- 
BiMMa,  Ur.  Frederide  W.  Lehmana.  baa  alnuwt  made  me  a  St.  Louis  nian.  There- 
fore 1  may  perhaps  take  it  upon  myaetf  to  greek  you  here. 

I  oooft«s  that  I  Arrivrd  here  with  some  mijgiTittg  —  some  doubts  as  to  whether 
ttie  grrjtt  t«ak  which  was  here  undertaken  under  mo«t  difRciilt  rirriimiriJtnc«H 
could  be  Booomplished  with  even  creditable  success.  These  doubts  entirely  dis- 
appeared  the  first  time  I  cDU-red  thi:  gruumb  of  tbe  World's  Fair  and  bbtaioMl  a 
gnara)  view  of  the  mcthnd,  beautiful  as  well  aa  practical,  by  which  the  treaauree 
(Btbered  from  the  whole  world  were  Arranged  and  displayed.  I  tnuit  you.  too,  will 
ban  a  like  experience;  and  will  eoon  recognise  that  a  moat  earnest  and  good  work 
ia  here  accomplished. 

And  1  must  remark  at  tblK  time  that  we  Germans  may  indeed  be  well  satisfied 
here;  the  unaniiuaus  end  complete  recognition  which  our  coOpeiBtioo  in  this 
grent  work  liiks  rcceiviHl  Is  iiImoA  dlsconeertang. 

n'hat  can  be  said  of  tbe  whole  Expontioa  with  reference  to  tta  extent  and  the 
order  in  which  everything  ia  airanged,  I  may  well  aay  concerning  the  depart* 
meats  of  sdenoe,  especially  interesting  to  us.  In  this  hour  in  which  theCoogress 
of  Arte  and  Science  is  beiitg  openud,  wc  slia])  not  exprraa  any  tliAnkx  to  tliose  who 
took  this  part  of  the  work  upon  their  shoulders  —  a  more  diflicuU  tiutk  indeed  than 
all  tbe  otberv,  for  here  tlie  problem  is  not  to  mana^te  materiala,  but  heads  and 
nilllda.  And  aa  I  see  here  uasenibled  u  kirge  number  of  Gonuan  professura  —  I,  too, 
faeloog  to  the  profession  ~~  nf  whom  it  vs  sKid,  I  know  not  n-ith  how  much  justioe, 
that  they  are  hard  to  lead,  the  labors  of  the  Directors  and  Prefiidents  of  the 
Ooogreas  could  not  have  been,  and  are  not  now,  email.  Neither  shall  wc  to-^y 
ptopheay  into  wluit  liic  CntiKmsa  maydevelop.  The  greater  number  uf  speakers 
caaoot  expect  to  hav«  larKc  audtenose,  but  even  to-day  we  can  safely  Miy  this:  tbe 
impowng  row  of  volumes  in  which  sliall  be  given  to  posterity  liie  reviews  here  to 
be  preaented  concerning  the  present  condition,  and  future  problems  of  the  sdeneea 
and  ana  aa  thny  appear  to  the  scientific  world  at  the  beginning  of  the  twentieth 
eentury,  will  provide  a  monumental  work  of  lasting  value.  This  we  may  oonfi- 
dantly  expect.  Tbe  thanks  which  we  to-day  do  not  wish  to  aoticipat«  in  words,  let 
at  abow  by  our  Motions  to  our  kind  American  hoets,  and  vepvciully  to  thr  directors 
of  tbe  World's  Fair  and  of  this  CoDKrees.  With  exalted  mind,  forgetting  all  littlo 
■nooyancea  wltieh  may  and  will  eomo,  k-t  ust  gu  forward  couniKi-ously  to  the  work, 
and  let  OS  do  our  beet.  Let  usgrs^p  hfcartily  the  open  hand  honpstly  extended  to 
oa. 

Hay  this  Oongrcae  of  Arts  and  Sctenoe  worthily  take  part  In  the  great  and 
undiMpiited  sucoeas  winch  even  to-day  we  must  aciuiowledge  the  World's  Fair 
at  St.  Louis. 

For  AuitriA  Dr.  Theodore  Eschcrich,  of  the  University  of  Vienna, 
mponded  u  follows:  — 
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Is  the  name  of  thp.  many  AuBtrians  pivscnt  st  tJie  Congteea  I  express  tlw;  tlumk^ 
of  roy  oomiMlrioU)  to  the  Committpe  which  siunnioned  us,  for  tlwir  invit^ttion  and 
the  hospitality  so  cordially  extend«i.  .  .  . 

I  cotui;ratuUte  tbe  autboriticv  upon  the  idea  of  opealng  th'ia  CongrMi.  Hov 
many  vorld-cxpositioaig  have  already  been  held  without  an  attempt  having  been 
made  to  exhibit  the  spirit  tliat  hn«  crcAtcd  ttiis  world  of  besutiTul  and  itaeful 
things  7  It  VBs  reserved  for  tbcse  mon  to  lind  the  form  in  vhich  the  highest  reeulta 
of  human  thought  —  Sdenoe  —  nrprfcmtrd  in  the  persons  of  her  repreaentativM. 
could  be  incorporated  in  the  compass  of  the  World's  Fair.  The  oonoeptioo  of  this 
Intemntioiiai  CoaftrtM  of  all  Sciences  in  its  orijtinality  and  audncity.  in  its  univar- 
sulity  uud  compirobQOsive  ot^tinUation.  ts  tnily  a  child  of  the  "  young-American 
spirit."  .  .  . 

After  this  Congress  has  come  to  a  close  and  the  collection  of  the  Iccturca  de- 
llroted,  on  unparalleled  encyclopedia  of  tiuman  knowledge,  both  in  extent  and 
content,  will  have  appeand.  We  may  say  that  this  Pair  lias  become  of  epoclial 
importance,  not  aJona  for  trade  and  manufactures,  but  also  for  ecieoce.  These 
proud  ptUaees  will  lonfE  have  disappeared  and  been  forKottoa  when  tliis  work,  a 
monufiicntum  aere  pcr^nntwr,  shall  still  testify  lo  future  g^ncrattoiiB  the  standard 
of  acientilio  attainment  at  the  beginning  of  tlie  twentieth  century. 

Short  ackDowledgmenta  were  then  m&de  for  Russia  by  Dr.  Oscar 
Backlund,  of  the  Astronomical  Obfipn'atory-  at  Pulkowa,  Russia,  and 
for  Japan  by  Prof.  Nobushige  Hozumi,  of  the  Imperial  Univcraity  at 
Tokio,  Ja])aii. 

The  laat  of  the  Vice-FreBidents  to  respond  to  the  addresses  of  wel- 
oomc  was  Signor  Attiliu  Ilrunialti.  Councilor  of  State  for  Italy,  who 
after  a  few  formal  u-ords  in  English  broke  into  impassioned  eloquence 
in  his  native  tongue,  and  in  brilliant  diction  and  graceful  periods 
oxpreeeed  the  deep  feeling  and  profound  joy  which  Italy,  the  mother 
of  arta,  felt  in  participating  in  an  occasion  so  historic  and  so  magni- 
ficent. Signor  BniDialti  said  in  part:  — 

I  thank  yon,  gentlemen,  for  the  honor  you  ha^'e  paid  both  to  my  country  and 
myself  by  electing  nu>  a  AHce-Prrsident  of  tliis  great  sdentiSc  assembly.  Would 
that  I  could  ttiunk  you  inwards  in  which  vibrnto  the  heari  of  Rome,  the  adanttfio 
spirit  of  my  land,  and  nil  that  it  hiui  given  to  th«  world  for  the  prOfTMiof  sdenee, 
litetature,  and  art.  You  know  Italy,  gentlemen,  you  admire  hor,  and  therefore 
It  is  for  this  also  that  my  thanks  are  due  to  you.  What  and«at  Home  baa  con- 
tributed to  the  common  pntrimonyof  civiltxation  isalao  reflected  here  in  »  thcm- 
sand  ways,  and  a  clanicol  education,  hdd  in  sueb  honor,  by  a  young  and  practical! 
people  such  as  yours,  excites  our  admiration  and  nbo  our  aittonishment.  By  giaiit 
Ktiidas  you  uv  reviving  the  activity  of  Italy  at  the  epoch  of  the  Communei,  when 
all  TOv  animnted  by  iinwear)-in([  Bcti\nty  and  our  manufacturta  and  arts  hfld 
the  first  place  in  Europe,  I  have  already  prsiaed  hcM  the  oouragoout  spirit  which 
hss  suggested  the  meetJOf;  of  this  Congress — a  Cbngresa  that  iriQ  remain  famous 
in  the  annali  of  sdonce.  Many  things  in  3-our  cguutry  have  aitiu»>^  in  me  grow- 
ing surprise,  bat  ootliing  has  struck  me  more,  I  saBure  yon,  than  this  homage  to 
science  which  is  pushing  all  the  wealthy  dacBea  to  a  noble  rivalry  for  the  IncreaM 
of  educiiliun  and  mental  cultivation. 

You  have  already  large  libraries  and  richly  endowed  nnivrrsitiea,  and  eve 
kind  of  srhon],  where  the  works  of  GroeM  and  Rome  sre  perhapt  even  more  appr 
oiated  Bud  adapted  to  modem  improvements  than  with  us  old  chusicnl  nations. 
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r of  tiifmy,  activity,  and  wealth,  you  liava  before  you  perpetual  progren,  and 
wLat,  up  to  thus,  vnur  youth  has  not  aUowed  you  to  ^ivc  to  the  worid,  you  will 
stmdy  b^  able  tn  givp  in  ttifr  ftiturc.  Fsr  fr«ly  sll  tlic  tr«ii0iin!«  of  civUizatioo.  art. 
and  eeitnrp  th&t  ccutuHes  have  accumulated  in  the  old  world,  and  Mpecully  in 
my  belovMi  Italy;  frurtjfy  t,h);in  with  your  youthful  initiation  and  with  your 
powerful  paprgy-  By  so  doing  you  will  contribute  to  peace,  and  (b«n  we  may  say 
with  truth  tfmt  we  havQ  prepantl  your  rout«  by  tho  work  uf  centuries;  and  like 
itiito  tboae  who  from  old  age  are  prevented  from  following  the  bold  young  man 
of  LoogfcUow  in  his  oourw.  we  will  aoconipany  you  with  our  greetings  and  our 
affection. 
'  my  voice,  tho  tuitivg  country  of  Coluiubu*.  of  Galileo,  of  Michelangelo  and 
Raphael,  nf  Macchiavelli  and  Volta,saluteaand  with  open  arms  haila  aa  b«r  hope- 
ful dau|;hter  young  Aiuerica,  —  thnnkiiig  and  bk-seing  her  fur  tlio  road  ahe  hoe 
Opoiixl  to  the  sooB of  Italy,  workmen  and  arlista,  to  civilization,  to  acience,  and  to 
modon  rvMAivli  and  thought. 

The  Chairman  of  the  AdmimstnLtive  Roard,  President  Nicholas 
Murray  Butler,  of  Columbia  University,  was  prevented  by  illness  in 
bia  Family  from  beJng  present  at  thn  Congress,  and  in  place  of  the 
address  to  liave  been  delivered  by  him  on  the  idea  and  development 
of  the  Congress  and  the  work  of  the  Administrative  Board,  President 
Wittinm  R.  Harper,  of  the  University  of  Chicago,  spoke  on  the  same 
subjccjt  aa  follows:  — 

I  have  been  asked  within  a  few  houn  by  thoeo  is  autboilty  to  present  to  you 
oo  behalf  of  iiic.  Achninintrative  Board  of  this  Intemntionol  Cnngrcea  a  Rtatemeot 
OOOMffning  the  origin  and  purpose  of  the  congrcao.  It  is  surely  a  source  of  great 
diMppointmeiit  to  ail  ooticerued  that  tite  chaimian  of  tlie  board,  IVeoidetit  Itutltw, 
is  prwfented  from  Iwing  present. 

Many  of  us  recall  tho  (act  that  at  the  Pans  Kxpoeitioa  of  IS80  the  first  attempt 
was  nade  to  do  sonielliing  Bvatomatic  in  the  way  of  congitaaas.  This  attempt  wati 
the  natural  outcome  of  the  opinion  which  had  come  to  exist  that  so  splendid  an 
opportunity  aa  was  afforded  by  the  coming  together  of  leaders  In  every  depart- 
ment of  activity  should  not  be  suffHred  to  pass  by  unimproved.  What  could  be 
more  natural  in  the  stimulating  and  tlioiiglit-pnivokiiiji;  utmcMjiliere  of  an  expoai- 
tjon  than  the  proposal  to  make  proA-i&ion  for  a  considoratioa  and  discussion  of 
somr;  of  tho  problcinit  ho  dottely  rtluted  to  the  intiTi'StA  represented  by  the  exposi- 
tion? 

Tbt  results  achieved  at  the  Paris  Exposition  of  18S9  were  so  striking  as  to  lead 
those  in  charge  of  tlie  World's  Cotumbian  Expoation  in  Chicago,  1 803,  to  oigaolac 
what  was  called  the  World's  Congmsa  Auxiliary,  including  a  Keriia  uf  congroMM, 
in  which,  to  use  the  language  of  the  original  decree,  "  the  beet  worker*  in  general 
•dutee.  philosophy,  literature,  art,  agriculture,  trade,  tuod  labor  vere  to  meet  to 
piuuit^eircxperieneefl  and  results  obtained  in  all  tlioso  vurknia  Uqm  of  tiwught 
Bp  to  the  preST-nt  time."  Seven  years  Later,  in  oonnectinn  with  the  Paris  Exposition 
of  1900.  there  was  Itcld  another  similar  series  of  intentational  rongrrasea.  Tllie 
general  idi«  Iwd  in  thU  way  nlowly  but  surely  fiained  recognition. 

The  authoritiw  of  the  Univental  Expoeitton  nt  .St.  I.<>uiji,  fmm  the  tint,  recog- 
nised the  dvHirability  of  proNidine  for  a  congress  which  ehould  exceed  is  its  scope 
thoaethat  lind  before  Iteen  atteiuptnl.  In  tlicearUi«t  days  of  the  preparation  for 
this  Exposition  Mr.  Frederick  J.  V*.  Rkiff.  the  DirKtor  of  the  Field  Columbian 
Maaeuin.my  nearest  neighbor  in  the  city  of  Chioogo,  took  occasioo  to  pr«6ent  this 
idea,  and  particularly  lo  wnpbaaite  the  apeciSc  point  that  sometbiog  should  be 


32 


THE  HISTORY  OF  THE  CONGRESS 


undertAkffti  which  not  only  mt^ht  add  digstty  and  glar;  to  the  Kr^Rt  name  of  tlie 
BitpoBitioD,  but  al«o  constitute  &  pcmiaQefit  and  v&ltuliliF  contntiutioa  to  the 
aura  of  bumim  knowledgn.  After  a  cotuidoration  of  tlie  who)«  queatioci,  whi<^h 
extended  over  many  months,  the  conimitt««  on  international  vongmtat-*  rcMolvnd 
to  cstablLsh  an  adminiftraUve  board  of  seven  luemben,  to  which  should  lx>  com- 
mitted the  reepomibility  of  au^csling  o  plan  in  dclaU  for  thv  uLUiimiK^Dt  of  the 
ends  dewred.  This  Board  was  appointed  in  November,  1902,  and  consisted  of 
Preaideitt  Nicholas  Murray  Butler,  of  CohunbLa  Univcnity,  New  York :  Prcndcnt 
K.  U.  Jease,  of  the  rmvoreity  of  Hiattoun;  Preeident  Henry  S.  Priichntt,  of  the 
Maauchunett*  Institute  of  TecliDolos}';  Dr,  HcHwrt  Putnam,  I.ibn*ri««  of  Con- 
KTMB;  Mr-  Frederick  J.  V.  8kiS,  of  the  t'ield  Columbian  Museum,  Clucngo;  Fred- 
erisk  G.  Hoik,  pf  New  York  City,  luid  th«  pnwsnt  aprnker. 

Tills  Board  held  Beveral  nnfetinga  for  the  studj  of  the  questions  and  prohlona 
involved  in  the  great  undotaklng.  Much  voloable  oounseL  was  received  and  ron- 
sidered.  The  Board  waa  rapecially  iudebtcd,  however,  to  Prof.  Uugn  MUnfitcrber^ 
of  Harvard  University  for  sp«ci(ic  material  which  lie  placed  at  their  di>poaiU  — 
material  which,  with  modification,  served  aathebaaisof  the  plana  adopted  by  the 
Board,  and  tooommvuded  to  the  members  of  the  Exposition. 

At  the  aame  time  the  AdiiiinistratJve  Board  recommended  the  appointment  of 
Dr.  Howard  J.  Rog«'r»  lui  the  Pirrctor  of  CongrrtiBM,  and  nominated  Pmf.Simcin 
Nowcomb  of  the  United  StAtea  fi&\y  to  be  President  of  the  Congress,  and  PrO' 
f«i9Sor9  Hu||;<i  Stiinatf-rb^-i^  of  Han'ard  Univrraity  and  Albion  W.  Siiinll  of  the 
University  of  Chicago  to  be  Vice-1'reeidenta  of  the  Congre«R;  the  three  to  consti- 
tute the  OrKAniiing  Coiuniitt«e  of  the  Congrees.  This  Organising  Committee  waa 
later  empowered  to  visit  foreign  countries  and  to  extend  pi>Taoiuil  invitationa  to  ineo 
dtstinguiahed  in  the  art«  and  seiimcra  to  participate  in  the  Congrea.  The  recep- 
CioD  accorded  to  tluwe,  our  repreacntatiVM,  was  most  cordial.  Of  the  1 50  invita- 
tiona  thus  extended,  117  were  acc«pl«d;  and  uf  the  117  Ir-anti-d  itavanta  who^ 
aooepted  th«in%-itation,90arehereiD  person  this  aftcmooo  to  testify  by  thvirpr 
aence  the  interest  they  Iulvo  felt  in  this  Rreet  concoune  of  the  world's  leadeie.  I 
am  compelled  by  necenity  this  afternoon  to  omit  many  pointa  of  intemt  in  rels* 
tjon  to  the  origin  and  Itiatory  of  the  undertaking,  all  of  which  will  be  publiabed  ii 
due  tim«. 

After  many  months  of  expwetancy  we  have  at  last  come  together  from  all  the 
nations  of  the  world.  But  for  what  purpoaoT  1  dn  not  know  that  to  the  ir1at«mflnt 
alrendy  published  in  the  proKnunme  of  the  Congrcse  anything  con  be  added  which 
will  really  improve  that  statonont.  Tlie  purpoae,  aa  it  has  seemed  lo  soma  of  lU, 
is  threefold  r 

In  the  first  plaee,  to  secure  such  a  general  survey  of  the  various  fieldn  of  lemm- 
ing, with  al)  their  "subdivisions  and  multiplication  of  apceialtiea."  as  will  at  the 
same  time  set  forth  titinr  mutuni  rebitionii  and  coimectionii,  and  likewise  oonatitute 
an  effort  toward  tlie  unifiention  of  knowledge.  Thisidmof  unity  has  p<^^ltnps  been 
uppermost  in  the  minds  of  all  concern^  with  tlie  work  of  orsunizing  th<.>  Congress. 

In  the  seDOod  place,  to  provide  a  platform  from  which  might  tw  pr>'««^nti  d  the 
vaiiona  problems,  a  anlirtion  of  which  will  be  expected  of  the  schobirBhip  of  the 
future.  Tills  ineludea  a  rreognition  of  the  fundnmpntnl  principles  and  nmeeption 
tliat  underlie  time  mutUAl  rehiUons,  and  ttwrvfore  aerve  neeeasarily  as  tlie  baais 
of  all  such  futttrc  wiirk.  Hire  sgaiu  the  cuntiolling  idea  ia  that  of  uiiHy  and  law, 
in  other  words,  universal  Inw. 

In  ihp  third  plac«,  to  bring  together  in  pvraon  and  spirit  distinsuitihed  \a\ 
gatofvand  KhDlarsfroiu  all  therountriesof  the  world,  in  order  thatbr  coaiaeton 
nae  with  another  a  mutual  sympHthy  may  ht  promoted,  and  a  pnurtical  c rwvpera- 
ticNi  may  he  effected  among  tltoeo  whose  lifeworii  leads  them  far  apart,  ilcre,  atill 
a(«ti,  unity  of  nwult  ta  sought  for. 
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Aj  "vt  now  take  Dp  Um  iraric  at  thb  canvntloD,  «Udi  alwaiiy  i^*M  Nff» 
^tmum  at  beiDg  nouble  imoog  the  eoavHtttoM  timl  hav*  calM  toffirtm  osM 
flf  dMhnnt  oatiooa.  lot  m  ooaSdeoUy  ■■■wra  ounelvM  that  thn  gnmX  purpom 
wkUa  imm  throBghoqt  cxiatraUad  in  the  <£Smai  ativea  ol  it»  ovgaaiaataon  will  tw 
ndhad;  that  beeauae  tba  ODai;fas  bai  bam  bdd.  tha  DatMoa  of  tha  aatth  will 
fad  ttHoaalnB  dniFD  moro  ctoaily  toggtlier;  tlut  liiunaB  llnuKht  «U1  ponaaa 
•  sot*  naifiBd  affaiiiaatiaa  and  boBui  life  a  mon  unifiod  ai|aiiiiiii 

FoDowing  thcee  Addresses  of  welcome  and  of  raponse  cunfi  the 
6nt  paper  of  the  specific  prognunme,  designed  to  be  intruductory  to 
the  ffiTision,  department,  and  section  addresses  of  the  week.  This 
address,  which  will  be  found  in  full  in  its  proper  plAoe,  on  pagm  13A  to 
147  of  this  volume,  was  given  by  Dr.  Simon  Ncwcomb,  IVeetdeDt  of 
the  Congress  and  Chairman  of  the  Organising  Commiltoci,  whiwo 
Imbon  for  fifteen  months  n-ere  thus  brought  to  a  brilliant  oonoluBion. 

At  the  close  of  E>r.  Newcomb's  address  the  assembly  was  dismissed 
by  a  few  words  of  President  Francis,  in  which  he  placed  at  tho  dispoi!- 
tion  of  the  member  of  the  Congress  the  courtesies  and  privilfgm  of 
the  Exposition,  and  expressed  the  hope  and  belief  thnt  their  prnfcooo 
and  the  purpose  for  which  they  were  assembled,  would  be  the  orowD- 
ing  glory  of  the  Universal  I^xposition  of  1904. 

Od  Tuesday,  September  20,  the  seven  division  addresses  and  tho 
twenty-four  department  addresscB  were  given,  alt  tho  speakers  being 
Americans  :  Royce,  in  Normative  Science;  Wilson,  in  Uislorioal 
Science;  Woodward,  in  Thysical  Science;  Hall,  in  Mental  Soionce; 
Jordan,  in  Utilitarian  Science;  Lowell,  in  Social  llegulation;  and 
Harris,  in  Social  Culture,  treating  the  main  divisions  of  science  and 
their  applications,  each  dwelling  particularly  on  the  scope  of  the  great 
field  included  in  hia  address  and  the  utiification  of  the  work  Itiorein. 
The  forty-eight  department  speakers  divided  the  field  of  knowledge, 
one  address  in  each  department  giving  the  fundamental  conceptions 
and  methods,  the  other  the  history  and  development  of  the  work  of 
the  department  during  the  last  century. 

With  Wednesday  the  international  participation  began,  and  in  tho 
one  hundred  twenty-«ight  sections  into  which  the  departments  were 
divided  one  half  of  the  speakers  were  drawn,  so  far  as  dnmm- 
stances  permitted,  from  foreign  scientific  circles.  With  the  exception 
of  the  last  two  sections,  Religious  Influence  Personal,  and  Religious 
IttflnenM  Social,  the  work  of  the  Congress  closed  on  Saturday  after- 
aooo.  These  two  sections  having  four  speakers  each  were  placed ,  one 
40  Sooday  morning  and  one  on  Sunday  afternoon,  in  Festival  Hall, 
aad  piiien  to  the  grounds  ^ven  upon  application  to  any  one  desiring 
to  attend.  Large  numbers  availed  themselves  of  the  pri  village,  and  tbe 
da^Bf  boui  of  the  Congress  were  eminently  suitable  and  wcvthy  of 
im  fei^  ■neeesB.  At  tbe  eod  of  tbe  afternoon  seasion  in  Festival  Hall, 
Tica-FRsdent  of  tbe  CongreM,  Dr.  Albion  W.  Small,  i«Tlew«d  in  a 
finr  WDidi  tha  work  of  the  wedc,  its  mwning  to  •dsoot,  U»  pnalblo 
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efFeet  upon  American  thought,  and  then  fonnally  announced  the 
Congress  cloaed. 

OFFICIAL   BAKQUrr 

The  oflicia]  banquet  given  by  the  ExposiUon  to  all  parUoipaots, 
metuljers,  and  otrit.>ials  of  thn  Congross,  on  Friday  evening,  at  the 
Tyrolean  Alps  banquet  hall,  proved  a  charming  oonelusion  to  the 
labors  of  the  week.  No  belter  place  could  be  imagined  for  holding  it, 
within  the  grounds  of  an  exposition,  tlian  the  magni£cencly  propor- 
tioned music  and  dining  hall  of  the  "Alps."  A  room  160  feet  by  105 
feet,  capable  of  seating  fifteen  hundred  banqueters;  the  spacious, 
oval,  orchestral  stage  at  the  south  end;  the  galleries  and  boxes  along 
the  sides  of  the  hall  done  in  solid  German  oak;  the  beautiful  aad 
impressive  mural  decorations,  the  work  of  the  best  painters  of  Ger- 
many; the  excellence  of  the  cuisine,  and  the  thoroughly  drilled  corps 
of  waiters,  rendered  the  physical  accessories  of  a  banquet  as  nearly 
perfect  as  possible  in  a  function  so  extensive. 

The  banquet  was  the  largest  held  during  the  Exposition  period, 
eight  hundred  invitations  being  issued  and  nearly  seven  hundred 
peraons  present.  The  musio  was  furnished  by  the  famous  Garde 
R^publicaine  Band  of  France,  as  the  Exposition  orchestra  was 
olHiged  to  fill  its  regular  weekly  assignment  at  Festival  Uall.  The 
decorations  of  the  hall,  the  lights  and  flowers,  the  musical  pro- 
gramme, the  galleries  and  boxes  filled  with  ladies  representing  the 
official  and  eooial  life  of  the  Exposition,  and  the  distinguished  body 
of  the  Congress,  formed  a  picture  which  appealed  to  the  admiration 
and  enthusiasm  of  ever>'  one  alike.  No  attempt  was  made  to  assign 
seats  to  the  banqueters  outside  the  speakeis'  table,  and  htUe  coteries 
and  clusters  of  scientists,  many  of  whom  were  making  acquaintances 
and  intellectual  alliances  during  this  week  which  would  endure  for 
a  lifetime,  were  scattered  about  the  hall,  giving  sninterest  and  an  ani- 
mation to  the  scene  quite  beyond  the  powers  of  description.  In  one 
comer  were  Hamack,  Budde,  Jean  IWville,  and  Cuthbert  Hall,  chat- 
ting as  animatedly  as  though  their  religious  theories  were  not  aa  far 
apart  as  the  poles;  in  another,  W&ldeyer,  Escherich,  Jacobi,  Allbutt, 
and  Kitasato  formed  a  medical  group,  the  counterpart  of  which  would 
be  hard  to  find  unless  in  another  part  of  this  same  hall;  still  again 
were  Erdmann,  SoHey,  Ladd,  Koyce,  and  Creighlon  as  the  centre  of 
a  group  of  philosophers  of  world  renown.  So  in  every  part  of  the 
picture  which  met  the  eye  were  focused  the  leaders  of  thought  and 
action  in  their  respective  6elda.  The  tout  ensemble  of  the  Congress  was 
here  brought  out  in  its  strongest  effect,  as.  with  the  exception  of  the 
opening  exercises  at  Festival  Hall  at  which  time  many  had  not  arrived , 
it  was  the  only  time  when  the  entire  memberalup  was  togetlicr.  The 
banquet  coming  at  the  close  of  the  week  was  also  fortimate,  as  by  this 


THE  HISTORY  OF  THE  CONGRESS 


36 


time  tho  scquaintanccs  made,  and  the  common  incidcnta  and  anec- 
dotes experienced,  heightened  the  enjoyment  of  all. 

The  toastmastcr  of  the  banquet  and  presiding  officer,  Hon.  David 
R.  Franc)8>  was  never  in  a  happier  vein  than  when  he  assumed  the 
gavel  and  propoeed  the  health  of  the  President  of  the  United  Statea 
and  the  rulers  of  all  natiooa  represented  at  the  board. 

President  Francis  said:  — 

MsHBRaa  or  thb  IvmnsATtoKAi^  Cottanxsa  or  Arts  and  Scixnoz  : 

On  the  facade  at  tbe  baae  of  the  Louisiana  Moounumt,  whicli  is  tbe  central 
laatore  of  tlu»  KxpoaitioD  [ncUu».isagn>upof  LivingKton.Honioe.vid  MurbotH. 
li  repwgnt*  the  ngoing  of  the  treaty,  which  by  peBC«fuI  negotiatioo  transferred 
an  empire  from  France  to  tJie  Uoitod  3ta((«.  Upon  th«  inscriptioa  ar«  the  words 
of  iJTmgston,  "  We  buve  lived  long  and  ocoompliabMl  much,  but  this  ia  the 
crowninjE  act  of  nur  Uvm," 

li  Is  that  troiufcr  of  an  empire  vhlch  this  Exposition  »  held  to  oomm(>mo- 
rote.  And  parapliradjng  thn  wonla  nf  Ctvinsfrton,  pmnit  tne  to  ^ay  that  1  hav« 
praaided  over  many  dinnera,  but  this  i»  the  crowning  act  of  niy  car««r. 

In  opening  th«  deliberations  of  the  Xntematioiial  Congrees  of  Artn  and  Science, 
I  maJo  tbo  statcmrDt  that  a  Univeraal  Expueilion  i>  an  ambitious  uodntaking. 
I  stated  alfio  that  tbe  Intomattonal  Congnne  of  Arte  and  8denoe  is  the  crowning 
(eaiure  of  this  Exposition.  I  did  not  veoturv  the  atnertion  then  which  I  have  the 
prcaamptioQ  to  make  now,  that  the  most  dilficult  taek  in  euutection  with  thii 
Coivmal  Expoaitioa  was  thh  ad»i-iubling  of  act  lotemationaJ  Congress  of  Arts 
and  Bcimce.  I  venture  to  make  the  statanient  now,  because  I  feel  that  I  am  justi- 
fied in  doing  so  by  ttw  aucc««B  which  up  to  the  present  has  attended  your  detlbcra- 
tiitua.  Any  coDgrcgation  of  the  Icjidcn  of  thought  >n  the  world  is  a  memorable 
aecarion.  This  is  the  first  Rystematic  one  that  has  ever  been  attempted.  Whether 
It  proves  mocMsful  or  not,  it  will  be  long  remembered  in  the  history  of  tbecivilited 
oouBtties  that  have  participated  in  it.  If  it  be  but  the  precursor  of  other  like 
ssismblngss  it  will  Btill  l>e  long  remembered,  and  tn  that  event  it  will  be  entitled 
to  unspeakable  credit  if  it  accomplishes  anytbioK  toward  the  realisation  of  tbe 
very  laudable  objects  which  prompted  its  assembling. 

The  effort  to  unify  all  human  knowledge  and  to  establish  the  inter-rdatlons 
thenot  ie  a  bold  conception,  and  re^iuires  the  courage  that  charoctciises  tbe 
people  who  live  in  tbe  western  section  of  the  United  States.  If  it  be  the  last  effort 
of  tbs  kind  it  wUl  still  be  remimibered,  and  Uiia  t'otversal  Exposition,  if  it  had 
dons  nothing  dse  to  endear  it  to  cultured  people  of  this  and  other  countriss,  will 
oel  be  fofsottea.  The  savants  aasembbd  by  the  call  of  tiaa  Exposition  have  por- 
■oad  thoir  rcapecUvo  lines  of  though  and  research,  prompted  by  no  dc«rc  other 
thaa  one  to  find  a  solution  of  the  problem  which  confronts  humanity.  By  bringing 
voa  togstherand  making  an  effort  to  determine  and  e«t  ahtigh  the  rcLitina^i  between 
all  lines  of  human  knowI«^e,  we  have  certainly  made  an  advance  in  the  right 
direetion.  If  your  rewArcliKt,  if  the  rawlts  of  your  atudieA.  ean  be  utiliied  by 
the  human  race,  then  we  who  have  been  the  inKtrumeots  of  th»t  Krent  blnniing 
wlU  be  entitled  to  credit  secondary  only  to  the  men  who  are  the  discoverers  of 
tbs  sdantiflc  knowledge  whoso  relations  wc  are  endeavoring  to  establish.  The 
Kaoacement  of  the  Universal  Exposition  of  I90j  salutes  the  International  Con- 
graaaof  Arts  and  Science.  We  drink  to  the  perpetuation  of  that  organisation,  and 
I  shall  call  upon  its  distinguished  President,  Profenor  Kewcomb,  to  respond  to 
lbs  Mntiment. 

Dr.  Newoomb  in  a  few  words  thanked  the  members  of  the  Congress 
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for  their  participation,  which  had  made  possible  the  brilliaDi  sueceea 
of  the  enterpriBC,  portrayed  its  effect  and  the  influence  of  ite  perpetua- 
tion, and  then  extended  to  all  the  invitation  from  the  Prteident  of 
the  United  States  to  attend  the  reception  at  the  White  House  on  the 
following  Tuesday. 

In  responding  to  these  toasts  the  senior  Honorary  Vice-President, 
Hon.  James  Bryce,  of  Great  Britain,  spoke  in  matchless  form  and 
held  the  attention  of  the  vast  hall  closely  while  he  portrayed  in  a  few 
words  the  chief  glories  of  England  in  the  field  of  science,  and  the 
pride  the  English  nation  felt  in  the  glorious  record  made  by  her 
eldest  daughter,  the  Unit«d  States.  Mr.  Bryce  spoke  extempora- 
neously, and  his  remarks  cannot  be  given  in  full. 

For  Germany,  Commi33toner<ilenera]  Lewald  responded  in  an 
eloquent  address,  in  which,  after  thanking  the  Exposition  and  the 
American  Govenimcnt  for  the  high  honor  done  the  German  nation  in 
selecting  so  large  a  percentage  of  the  speakers  from  German  scien- 
Uhc  circles,  he  enlarged  upon  the  close  relations  which  had 
between  German  univeraity  thought  and  methods  and  Americavl 
thought  and  practice,  duo  to  the  vast  number  of  American  student 
who  had  pursued  their  post-graduate  courses  in  the  universities  ol 
Germany.  Ue  dwelt  upon  the  pride  that  Germany  felt  in  this  sincercst' 
form  of  tribute  to  German  supremacy  in  scientific  thought,  and  of  the 
satisfaction  which  the  influence  in  this  country  of' German-trained 
students  afforded.  He  described  at  length  the  great  exhibit  made  by 
German  universities  in  the  education  department  of  the  Exporationj 
and  pointed  to  it  as  demonstrating  the  supremacy  of  German  seienti-l 
he  thought  and  accurate  methods.  Dr.  Lewald  closed  with  a  brilUant 
peroration .  in  which  he  referred  to  the  immense  service  done  for  the 
cause  of  science  in  the  last  fifty  years  of  German  history  and  to  the 
patronage  and  support  of  the  Emperor,  not  only  to  science  in  general, 
but  to  this  great  intenuitional  gathering  of  scientific  experts,  and 
drank  to  the  continued  cordial  relations  of  Germany  and  America^ 
through  ita  univeruty  circles  and  Ecientifio  eadeavora. 

For  the  response  from  France,  Prof.  Gaston  D&rboux  was  dele- 
gated by  Commissioner -General  Gerald,  who  was  unable  to  be  present 
on  account  of  sickness.  In  one  of  the  most  beautiful  and  polished 
addresses  of  the  evening.  Professor  Darboux  spoke  in  French,  of  which 
the  following  is  a  translation :  — 

OENTLEusif.  ~~  Qtadoudy  bvited  to  reipood  In  tht  nama  of  ths  delegat 
of  Frftuce  who  have  Mcepted  tbe  lavltatioQ  of  the  Amnkaa  Qovemment,  I  goe 
■der  it  my  duty  in  tho  first  pluw  to  thsak  thU  gnAt  tuitkMi  for  the  honor  which 
U  hM  paid  to  ua,  &nd  for  the  vrckome  which  it  bu  extended  to  ua.  TboM  of  yoa 
who  are  dcnog  me  tbe  honor  to  li*t«o,  know  of  tint  dUayeobte  fMUag  of  uoUtioD 
which  mt  tiiow  lh«  tinvolcr  in  the  mMbt  of  b  strmngo  people  experisocei;  —  thkt 
feeliac  I  know  only  from  bestsay.  We  have  not  hwl  k  moment  of  time  to  cxperi- 
eoee  it.  They  an  ftocuftomed  io  Europe  to  portray  ttu:  Americans  u  eseliHively 
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oceupi«cl  with  bunnaM  dTjura.  They  throw  in  our  fscw  the  fanwue  proverb/  Bubi- 
noH  is  Bunses,'  and  give  it  to  lu  u  the  tule  of  conduct  for  Ajnehcans.  Wt  lurt 
aUa  to  Ut^Uy  eotinly  to  tbo  coatrmr>'.  auioa  the  LubabitanU  of  tbie  bBuuUful  gouh- 
try  aivalwsyiBeekiog  to  exteadtgstnuigera  a  thousand  Dourtedcs.  Abov«iU],we 
have  cneounterod  no  oae  vbo  has  not  btan  aiudoiu  to  go  out  of  hi«  v»,y  to  gjre 
to  UB,  even  before  we  had  asked  it,  luch  iofonnatioti  aa  it  was  neccaaary  for  us  to 
have  And  wliat  shall  I  say  of  tJte  welcome  which  wr  have  recaived  here  at  the 
bands  uf  our  American  confreres,  —  Monsieur  the  Precndent  of  the  ExpoatioQ, 
Monsieur  the  Director  of  Con^reaaee  ood  other  worthy  colaborars?  Tbo  autbori- 
tiasefthe  Exposition  and  the  inliabitantsof  St.  Louis  have  rivaled  each  other  in 
tnakittg  our  stay  agreeable  and  our  ways  pleeaant  in  the  heart  of  this  magnificent 
Expodtkm,  of  which  we  shall  ever  preserve  the  most  enchanting  memory. 

We  should  have  wished  to  see  in  a  more  leisnrdy  manner,  and  to  maks 
aoquaintancs  with  th«  attnurtions  witltout  numlwr  with  which  the  Expontion 
UtoraUy  swarms  (men  of  letters  and  men  of  science  love  at  times  to  disport 
tbemaetroa)  and  to  study  the  exhibits  cl&ssifiod  in  a  method  so  exact  in  the 
psilMesof  on  architecture  sooriginal  and  so  imprenve.  But  MoDsieur  Newtsomb 
baa  ikot  permitted  this.  TbeCoagresiof  whidi  he  is  the  illustrious  President  offers 
■0  much  in  the  way  of  attracciona, — of  a  kind  a  little  rigorous  it  is  true,  —  and  so 
much  of  work  to  be  accomplu>he<i,  that  to  onr  very  gn-at  n^ret  we  have  had  to 
refuse  many  invitations  which  it  would  have  been  most  agreeable  to  accept.  The 
Americans  will  pardon  us  for  ttus,  I  am  sure;  they  know  better  than  soy  OM  else 
tbs  Talus  of  limv,  but  they  know  also  that  human  etreogth  has  some  Umito,  mp^ 
dally  among  us  poor  Euiopeaas,  for  I  doubt  whetha-  an  American  «ver  knows 
the  *"**"^'^g  of  fatigue. 

Msssisun,  the  Congrtss  which  is  about  to  terminate  to-morrow  has  been  truly 
a  Toy  great  svent.  It  ia  thv  firnt  time,  I  l>cliev«,  that  there  luut  t  <r^ii  «n*n  sfaeinbled 
in  one  grand  tntemation^  reunion  that  which  our  great  minister,  Colbert,  bad  in 
mind,  and  tliat  which  we  have  realised  for  the  first  time  in  our  Institut  de  France, 
—  the  union  of  lettcn,  acienop,  and  arts.  That  this  union  shall  maintain  itself  in 
(he  future  is  the  deareat  wish  of  my  bcArt. 

Sdenee  is  a  unit,  evso  as  the  Universe,  'llie  aspects  which  it  presents  know 
neitber  boundaries  of  states  nor  t)i«  political  divisions  established  between  peoples. 
Is  an  civilisvd  eoimtriee  they  calculnte  with  the  same  figures,  they  measure  with 
the  name  infltntmoois,  they  employ  the  same  dassificatioos,  they  study  the  same 
hisloric  £aets,eoQIMnihi,  and  moruls.  IT  therv  exists  among  the  diiFcr«nl  uattons 
aome  diffeieooes  in  methods,  theeo  differeaces  are  slight.  They  are  a  benefit  at  the 
■ame  time  aa  well  as  a  neccesHy.  For  the  doing  of  the  immense  amount  of  work 
of  reeearch  imposed  on  that  part  of  humanity  which  thinks,  it  is  necessary  that 
the  subjects  of  study  should  not  be  identically  the  same,  or  better,  if  they  are 
IJMMaal,  that  the  dilTereooe  between  the  points  of  view  from  which  they  are  eon> 
dfknd  in  the  differeot  oountriM  oontribute  to  our  better  knowledge  of  their 
Bttura.  their  results,  and  tbeir  upplications.  It  is  oecrNtary  them  that  oadi  people 
pwerve  their  distinctive  grniu.4,  their  particular  methods  which  they  use  to 
dendop  tbe  qualities  they  have  inhont<^d.  In  exactly  the  same  way  that  it  is 
importaat  in  an  oteheatra  that  each  inatnimpjit  play  in  the  most  perfect  manner, 
and  wHh  the  timbre  widch  accords  n-ith  its  unturr,  the  part  wliidi  is  ^ven  to  it, 
so  in  science  as  in  music,  the  hsrmony  between  the  players  is  a  neoeevoiy  eondi- 
tkn,  which  eadi  one  ought  to  exert  himself  to  realize.  Let  us  endeavor  then  in 
•dentifie  reaenreh  to  execute  in  the  most  perfoct  moaner  tlmt  port  of  the  task 
wUeh  fate  has  devolved  upon  us,  but  let  us  endeavor  also  to  maintain  that  aocord 
•bldk  la  a  neeeaaary  condition  to  the  harmony  which  will  alone  be  able  In  the 
latOV  to  aasure  tbe  progress  of  humanity. 

Ontlaraeai  in  tlus  international  reunion  it  would  not  be  fitting  that  I  dwell 
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upon  tbo  MFVieM  Trhich  my  country  hoa  hnen  nble  to  raader  to  science;  and  on 
the  other  hand  it  would  be  difficult  for  me  to  say  to  you  exactly  what  part  Amcriea 
is  calitnl  upon  to  takninthtH  concert  of  civilised  natiomi;  but  I  am  crrtain  that  thn 
pftrt  will  be  worthy  of  the  great  nation  which  has  given  to  it«elf  a  constitution  M 
liberal  and  whicb  in  mi  iihort  a  space  of  time  has  known  bow  to  conquer,  and 
moBBUre  in  value,  a  territur}*  so  inunensc  lliiit  it  uxteiHU  from  oci-aa  to  uccun.  I 
liftmyglaae  to  the  lujiiorof  American  Bcience;  I  drink  to  the  future  of  that  great 
nation,  for  which  wt*,  as  well  as  all  other  Frenchmen,  hold  bo  much  of  oomTnon 
roracmbraQce,  so  much  of  clode  and  livinj;  sympathy,  and  so  much  of  profound 
adiaiiatioii.  I  am  the  mure  happy  to  do  this  in  thil  most  beautiful  territory  of 
louinano,  whicb  Fraooe  in  a  former  agfi  ceded  freely  to  America. 

Perhaps  the  treat  of  the  evening  was  the  response  made  to  behalf 
of  the  Empire  of  Japan  by  Professor  Ilozumi,  of  the  Faculty  of  Law 
of  the  University  of  Tokio. 

Unfortunately  this  response  was  not  preserved  in  full,  but  Profeseor 
Hozumi  dwelt  with  much  feeling  on  the  world-wide  aignificanoe  of  the 
Congress  and  the  common  plane  upon  which  all  nations  might  meet 
in  the  pursuit  of  science  and  the  manifold  applications  of  scientific 
principles.  Ilepaidabeautifullribute  totheeducaUonaleyBtemof  thai 
United  States  and  to  the  great  debt  which  Japan  owed  to  American 
scholars  and  Ui  American  tcarhers  for  their  aid  in  establishing  mod- 
ern educational  principles  and  methoda  in  the  Empire  of  Japan.  The 
impetus  given  to  scientific  study  in  Japan  by  the  Japanese  students 
trained  in  American  universities  was  also  earnestly  dwelt  upon,  and 
the  close  relations  which  had  always  existed  between  Japanese  and 
American  students  and  instructors  feelingly  described.  In  the  field 
of  science  Japan  was  yet  young,  but  she  had  shown  herself  a  close 
and  apt  pupil^  and  her  period  of  initiative  and  original  research  was 
at  hand.  In  bacteriology,  in  medicine,  in  seismology,  oceanography, 
and  other  fields,  Japan  has  made  valuable  contributions  to  science 
and  established  the  right  to  recognition  in  an  international  gathering 
of  this  nature.  It  was  with  peculiar  and  grateful  pride  and  pU 
that  the  Japanese  Goveniment  had  sent  its  delegation  to  this  Con- 
gress of  selected  experts  in  response  to  the  invitation  of  the  American 
Govemmeot.  Near  the  close  of  his  oddrcss  Professor  Hozumi  made 
a  gracious  and  happy  allusion,  based  upon  the  conflict  with  Russia, 
in  which  be  said  that  nf  all  places  where  men  meet,  and  of  oU  places* 
sunned  by  the  light  of  heaven,  this  great  Congrees,  built  on  the  high 
plane  of  the  brotherhood  of  science  and  the  fellowship  of  scholars, 
was  the  only  place  where  a  Japanese  and  a  Russian  could  meet  in 
mutual  ncoDTd,  with  a  common  purpose,  and  clasp  hands  in  unity  of 
thought.  This  chivalrous  and  beautiful  idea,  given  here  so  imper- 
ft^tly  from  memory,  brought  the  great  assembly  to  its  feet  in  rounds 
of  oheem.  In  closing,  Professor  Uozumi  expressed  the  earnest  belief 
that  the  bencfita  of  science  from  a  gathering  of  this  nature  would 
quickly  be  fell,  by  a  closer  cooperation  in  the  application  of  theory 
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aod  prftctical  principles  and  a  simtiltaneotis  advance  in  all  parta  of  the 
world. 

The  closing  response  of  the  evening?  for  the  forei|B[n  members  was 
made  for  Italy  by  Signor  .Attilio  Brunialti,  whose  brilliant  eloquence 
Bt  many  times  during  the  week  had  won  the  admiration  of  the  mem- 
het9  of  the  Congress.  Under  the  inspiration  of  this  assemblage  he 
fairly  mirpassed  himself,  and  the  following  translation  of  his  remarks 
but  poorly  indicates  the  grace  and  brilliant  diction  of  the  original :  — 

I  liBX'e  had  th«  good  fortune  to  be  present  in  Hub  wonderful  country  at  three 
intemationid  Con^Erascs,  that  of  acicnvc,  tbo  pcuco  pKiiiiuiiPDt,  and  tl»e  gco- 
Itrap^iic.  I  wt8]i  to  record  llie  impreesion  thoy  have  excited  in  my  mind,  already  to 
tavomUy  inclined  by  your  never-to-be-forgotten  and  gracious  receplwn.  You 
mUBt,  pl«a«s  allow  mc  to  addrem  you  in  my  own  language,  because  the  Latin 
loagil*  In^RKa  me,  bccauiic  1  vtUU  U>  nffinu  rnon-  solcJnnly  my  nalioriHlity,  and 
aim,  becaUae  I  CAnnot  (•xprcm  my  f^iitgn  well  in  n  language  not  familinr  to  mv. 
Hy  oooDtry,  the  land  of  IJolumbus,  of  Ualtteo,  the  nation  that  more  than  all  others 
IB  Burorp*  is  an  eletneat  of  peao^,  b  aln>udy  in  ititelt  the  eynthevif  of  thv  thnw 
fVinBi I  imiM  And  I  can  nail  to  mind  that  ihte  land  is  indetiicd  to  geography  for 
the  fact  of  ita  beiDg  made  known  to  tho  world.  becauM  tbc  itnroortal  Gcno^w 
polntMl  it  out  to  people  fighting  in  the  old  world  for  a  small  t«rritory,  and  opened 
lo  mortals  new  anil  vxti'nnvv  n>tititric«  dcatinml  to  rec«iv«  the  valiant  and  the 
audacious  of  th?  entire  world  and  to  rise  like  yours  to  immortal  glory. 

Thus  the  poet  c«»  sing,  — 

L'  avania,  I'  avanea 
IK\'ino  otraniero, 
Coaoect  tastania 
Che  i  (all  ti  dlcTo; 
Se  lutti,  se  lagrimo 
Ancftra  rintcrra 
L'  giovin  La  terra. 

Thua  Columbus  of  old  could  point  out  to  tuea  —  wlio  tun  down  «ach  othrrr, 
(fiqrotfaig  even  love  for  fear  that  man  may  become  a  wolf  for  man  —  th«  vast 
and  eodltaawastee  awaiting  laborers,  and  give  to  man  the  treasurea  of  the  fruit- 
ful land.  T  in  in  the  numc  of  peace  that  I  greet  modem  Edcttce  in  oil  lU  foniui. 
and  I  Bay  to  you  chemLtta:  "Invent  new  nrirana  of  df^niction;"  and  tn  you 
mechoiuos  and  shipbuilders:  "  Give  us  invulnerable  men-of-war  and  such  per- 
fect cannons,  that  your  own  pnngntia  may  routrilmtn  to  make  war  rarer  in  the 
world."  Then  •■ill  nipn.  amaied  at  thw  own  d«rtnictive  progma,  I>p  drawn 
together  by  brotherly  love,  by  the  deveJopment  of  common  knowledge  and 
fympatby.iuid  by  ilie  study  ofgeogmphy  beled  to  know  that  there  ia  plenty  of 
roam  for  every  one  in  the  world  to  contribute  to  progrces  and  civilization. 

Anuricann!  these sptilimcnt«  are  graven  in  your  country;  in  point  of  fact,  it  ia 
a  proof  of  the  harmony  that  reigns  in  tliiti  Congress  brtween  guests  come  from  all 
parts  of  tlie  world,  that  I.  nn  Italian,  am  allowed  to  addrras  you  in  my  own  lan- 
guage on  American  Rroimd,  near  the  Tyrolean  .\Jp6,  greeted  by  the  music  of  the 
lUpablic^iM  Frvnch  Garde,  united  in  rtcniol  bonds  of  friendaliip  by  the  two 
great  gaddcaaoB  of  the  modem  worki,  —  Science  and  Poacc. 

The  laat  speaker  of  the  evening  was  Hon.  Frederick  W,  Lehmann. 
Chairman  of  the  Exposition  Committc*  oo  Congresses,  who  in  elo- 
quent pcrioti;6  set  forth  the  ambition  of  the  city  of  St,  Lotus  and  the 
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Expoeltioii  of  IQ04  in  creating  a  CuDgressof  inteUecb  od  the  same  highj 
plane  that  had  ctiaracterized  the  educational  ideals  of  the  Kxposition, ' 
and  the  intense  satisfaction  which  the  officials  of  the  Congress  felt  in 
ita  brilliant  outeome,  and  the  possibilities  which  it  promised  for  an 
unequaled  ounlribution  to  scientific  literature. 

At  the  close  of  these  addresses  the  members  of  the  Congreee  and 
the  spectators  in  the  gallery  sang,  In  full  chorus  and  under  the  lead  of 
the  Garde  Rcpublicainc  Band,  the  various  natioDaJ  authems,  closing 
with  "The  Star  Spangled  Banner." 

PUBLICATION    OF  THE  REPORT 

Id  accordance  with  the  recommendation  of  the  Administrative 
Board  to  the  Conmiittee  on  Congresses,  the  Executive  Committee 
appointed  Dr.  How-ard  J.  Rogers,  Director  of  Congresses,  editor  of 
the  proceedings  of  the  Congress  of  Arts  and  Science.  The  Congresft] 
reoords  were  removed  from  St.  Louis  to  Albany,  New  York,  the  hom< 
of  the  Director,  from  M-hich  place  the  publication  haa  been  prepared.' 
Upon  collecting  the  papers  it  was  found  that  they  could  be  divided 
logically.and  with  a  fair  degree  of  wmilarity  in  sine,  into  eight  volumes, 
each  of  which  i^iould  cover  a  definite  and  distinct  portion  of  the  pro- 
gramme. These  are  as  follows;  — 

Volume  1.  History  of  the  Congress,  Scientific  Plan  of  the  Congress, 

Philosophy,  Mathematics. 
Volume  2.  Political  and  Economic  History,  History  of  Law,  History 

of  Religion. 
Volume  3.  History  of  Language,  History  of  Literature,  History  of 

Art. 
Volume  4.  Physics,  Chemistry,  Astronomy,  Sciences  of  the  Earth. 
Volume  6.  Biology,  Anthropology,  Psychology,  Sociology. 
Volume  6,  Medicine,  Technology. 

Volume  7.  Economics,  Politics,  Jurisprudence,  Social  Science. 
Volume  S.  Education,  Religion. 


The  details  and  Bpccifiratlona  of  the  volumes  were  prepared  for 
competitive  bids  and  submitted  to  twelve  of  the  prominent  pubUsh- 
era  of  the  country.  The  moet  advantageous  bid  was  received  from 
Houghton,  MilBin  il:  Company  of  Boston,  Mass.,  and  was  accepted 
by  the  Exposition  Company,  The  Administrative  Board  and  the 
authorities  of  the  KxposiUon  feel  deeply  pleased  at  the  result,  inas- 
much as  the  imprint  of  this  Bnn  guarantees  a  work  in  full  accord  with 
the  high  plane  upon  which  the  Congress  has  been  conducted. 

It  was  determined  to  print  the  entire  proceedings  in  the  En^is 
language,  inasmuch  as  the  Congrees  was  bdd  in  an  English-speaking 
countr>'  and  the  vast  majority  of  the  papers  were  read  in  that  lan- 
guage.  The  consent  of  every  foreign  speaker  was  obtained  for  this 
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procedure.  Uwaefoimd,aftercoUcctin£,that  the  number  of  addresses 
%o  he  translated  was  forty-four.  The  traoaUtors  were  selected  by 
the  editor  upon  the  advice  of  the  members  of  the  Administrative 
Board  and  Organizing  Committee,  and  great  care  was  taken  to  find 
persons  not  only  thoroughly  trained  in  the  two  languages  and  po^ 
■esgjng  a  good  English  style,  but  also  persons  who  were  thoroughly 
eonveisant  with  the  subject  on  which  the  paper  treated.  Many  of 
the  translators  were  suggested  by  the  foreign  speakers  themselves. 
As  a  result  of  this  careful  selection ,  the  editor  feels  confident  that  the 
original  value  of  the  papers  has  been  in  no  wise  detracted  from,  and 
that  both  in  form  and  content  the  translations  are  thoroughly  satis* 
factory. 

It  will  be  found  that  some  addresses  are  not  closcl)*  related  to  the 
scheme  of  the  Congress,  father  through  some  misunderstanding  of  the 
exact  purpose  of  the  Congress,  or  through  too  close  devotion  to  their 
own  particular  phase  of  investigation,  some  half-dozen  speakers  sub- 
mitted papers  dealing  with  special  lines  of  work.  These,  while  valu- 
able and  scholarly  from  their  standpoint,  do  not  accord  with  a  series 
of  papers  prepared  with  a  view  to  general  relations  and  historical 
pcrapective.  The  exceptions  are  so  few,  however,  as  not  seriously  to 
interfere  with  the  unity  of  the  plan. 

In  the  arrangement  of  the  papers  the  order  of  the  official  pro- 
pamme  is  followed  exactly, with  the  exception  that,  under  Historical 
Science,  Departments  3,  4,  and  8,  covering  History  of  Politics,  Law, 
and  Religion,  are  combined  in  one  volume;  and  Departments  6,  6, 
and  7.  covering  History  of  Language,  Literature,  and  Art,  are  com- 
bined in  the  succeeding  volume.  In  volume  one,  the  first  chapter  is 
deroted  to  the  history  of  the  Congress,  written  by  the  editor,  in  which 
is  set  forth  the  plain  narrative  of  the  growth  and  development  of 
the  Congress,  as  much  for  the  benefit  of  similar  undertakings  in  the 
future  as  for  the  interest  of  those  participating  in  this  Congress.  The 
second  chapter  contains  the  scientific  introduction,  written  by  Prof. 
Hugo  Munstcrbcrg  of  Harvard  University,  First  Vicc-Pre«dent  of 
the  Congress  and  Member  of  the  Organizing  Committee.  This  is 
written  for  the  purpose  of  giving  in  detul  the  principles  upon  which 
the  dasaificatjon  was  based,  and  the  relations  which  the  different 
sections  and  departments  held  to  each  other. 

Eech  paper  is  prefaced  by  a  very  short  biographical  note  in  cate- 
gorical form,  for  the  purpose  of  insuring  the  identity  of  the  speaker 
as  long  in  the  future  as  the  volumes  may  exist.  Appended  to  the  ad- 
dresses of  each  department  is  a  short  bibUography,  which  is  essential 
for  a  general  study  of  the  subject  in  question.  These  are  in  no  wise 
exhaustive  or  complete,  but  are  rather  designed  to  be  a  small,  valu- 
able, working  reference  library  for  students.  The  bibliographies  have 
been  prepared  by  eminent  experts  in  the  departments  of  the  Coo- 
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gress,  but  are  necessarily  somewhat  uneven,  as  some  of  the  mitci 
have  gone  into  the  subject  more  tfaorouglily  than  others.  The  general' 
armngcment  of  the  bibliographies  is:  I.  Historical  books  and  stand- 
ard works  dealing  with  the  subject.   2.  General  books  for  the  whole 
department.  3.  Books  for  sections  of  departments. 

Appended  also  to  the  addressee  of  each  department  and  sections 
are  r^sum^  of  the  ten-minute  addresses  delivered  by  invitation  at 
the  meeting  of  the  department  or  section.  Many  of  these  papers  are  of 
high  value;  but  inasmuch  as  very  few  of  them  were  written  in  accord 
with  the  plan  of  the  Congress,  and  with  the  main  thought  to  be  de- 
veloped by  the  Cougrcss,  but  deal  rather  with  some  interesting  and 
detached  phase  of  the  subject,  it  has  been  deemed  best  not  to  print 
them  in  fuU,  but  to  indicate  in  brief  the  subject  and  the  treatment 
given  it  by  the  writer.  Those  which  do  accord  with  the  plan  of  the 
Cutigrcss  are  given  more  extensive  treatment. 

OONCLUSION 

What  the  results  of  the  Congress  will  be;  what  influence  it  may 
have;  was  it  worth  the  work  and  cost ,  arc  questions  often  fairly  asked. 

The  lasting  results  and  influences  arc  of  course  problematical. 
l^cy  depend  upon  the  clmractcr  and  soundness  of  the  addresses,  and 
whether  the  unifonn  strength  of  the  publication  will  make  the  work 
as  a  whole,  what  it  undoubtedly  is  in  parts,  a  source-book  for  the 
future  on  the  bases  of  scientific  theory  at  the  beginning  of  the  twenti- 
eth ccntur>*,  and  a  reliable  sketch  of  the  growth  of  science  during  th( 
nineteenth  century.  Critical  study  of  the  addresses  viU  alone  detep^^ 
mine  this,  but  from  the  favorable  reception  of  those  already  pub- 
lished in  reviews,  and  from  editorial  acquaintance  with  the  others, 
it  seems  assured.  That  portion  of  the  section  iKidrc«scs  which  deals 
with  the  inter-relations  of  science  and  demonstrates  both  its  unity 
and  variety  of  processes  is  new  and  authoritative  thought,  and  will  he 
the  basis  of  much  discussion  and  remodeling  of  theories  in  the  future. 

The  immediate  results  of  the  Congress  are  highly  satisfactory, 
and  fully  repay  the  work  and  the  cost  both  from  a  scientific  and  an 
exposition  standpoint.  As  an  acknowledgment  of  the  prominence 
of  scientific  methods,  as  a  public  recognition  of  the  work  of  scientist.fi, 
as  the  means  of  bringing  to  one  place  the  most  noted  assemblapn  of 
thinkers  the  world  haa  ever  seen,  as  an  opportunity  for  scholars  to 
meet  and  know  each  other  better,  the  CongR'ss  was  an  uni|ualified 
suooess  and  of  enduring  reputation.  From  the  l-Ixposition  point  of 
view,  it  was  eqiuilly  a  success;  not  financially,  nor  was  there  cve^ 
a  thought  that  it  would  be.  Probably  not  more  than  seven  tbousanc 
persons  outside  of  St.  Lnuis  came  primarily  to  attend  the  Congre.'iS, 
and  their  admission  fei's  were  a  bagatelle;  the  revenue  derivinl  from 
the  Ba3c  of  the  Proceedings  will  not  meet  the  cost  of  printing.  There 
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hasboen  do  money  value  Bought  for  in  theCongiees,  —  none  received. 
Its  value  to  the  Exposition  lies  solely  in  the  fact  that  it  is  the  final 
ugament  to  the  world  of  the  initial  claimB  of  the  officials  of  the 
Exposition  that  its  purpose  was  purely  educational.  Codrdinate  with 
the  material  exhibits,  sought,  olaasified,  and  installed  on  a  rigidly 
ocientific  classilication,  the  Congress,  which  relates,  illumtnt.<s,  and 
defends  the  principles  upon  which  the  material  portion  was  founded, 
has  triumphantly  vindicated  the  good  futh,  the  wisdom,  and  the 
foresight  of  the  Univereal  Kxposition  of  1904.  Tfaia  printed  record  of 
its  proceedings  will  be  a  monument  not  only  to  the  spirit  of  Science, 
but  to  the  spirit  of  the  Exposition,  which  will  endure  as  long  as  the 
records  of  man  are  preserved. 

In  ooncluuoD,  the  editor  wishes  to  express  his  obligations  to  the 
many  speakers  and  officers  of  the  Congress,  who  have  evinred  great 
interest  in  the  publication  and  assisted  by  valuable  suggestions  and 
advice.  In  particular,  he  acknowledges  the  help  of  President  Butler 
of  Columbia  Uuivereity,  Professor  MUnsterberg  of  Harvard  Uni- 
versity, and  Professor  Small  of  the  University  of  Ohieago.  Acknow- 
ledgments arc  with  justice  and  pleasure  made  to  the  Committee  on 
Congresses  of  the  Exposition,  and  the  able  chairman,  Hon.  Frederick 
W.  Lehmann,  for  their  unwavering  and  prompt  support  on  all  mat- 
ters of  policy  and  detail,  without  which  the  full  measure  of  success 
could  not  have  been  achieved.  To  the  efficient  secretarj'  of  the 
Department  of  Congresses,  Mr.  James  Green  Cotchctt,  an  expression 
of  obligation  is  due  for  his  indefatigable  labors  during  the  Congress 
period,  and  for  his  able  and  painstaking  work  in  compiling  the 
detuled  records  of  this  publication. 

At  a  meeting  of  the  Executive  Committee  of  the  Exposition  on 
January  3.  1005,  there  was  unanimously  voted  the  following  resolu- 
tion, recommended  by  the  Administrative  Board  and  approved  by 
the  Committee  on  Oongrraiua:  — 

MovzD :  that  a  vote  of  thanks  and  an  expression  of  deepest  obliga- 
tion be  tendered  to  Dr.  Simon  Newcomb,  President  of  the  Congress, 
Prof.  Hugo  Miinaterberg,  vice-president  of  the  Congress,  and  Prof. 
Albion  W.  Small,  victvpreaidpnt  of  the  Congress,  for  their  efficient, 
thorough,  and  comprehensive  work  in  connection  with  the  pro- 
gramme of  the  Congress,  the  selection  and  invitation  of  speakers, 
and  the  attention  to  detail  in  Its  execution.  That,  in  view  of  the 
enormous  amount  of  labor  devolving  upon  these  three  gentlemen 
for  the  past  eighteen  months,  to  the  exclusion  of  all  opportunities 
for  literary  and  other  work  outside  their  college  departments,  an 
honorarium  of  twenty-five  hundred  dollars  be  tendered  to  each  of 
them. 
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At  a  subsequent  meetiiig  the  folloving  leaolution  was  also  psssed : — 
Moved  :  that  the  Directors  of  the  Louisiana  Purchase  Ebcposition 
Company  place  upon  the  record  an  expression  of  their  i^predation 
of  the  invaluable  aid  so  freely  given  by  the  Administrative  Board 
of  the  Congress  of  Arts  and  Science.  In  organization,  guidance,  and 
results  the  Congress  was  the  most  notable  of  its  kind  in  histoiy. 
For  the  important  part  performed  wisely  and  zealously  by  the  Admin- 
istrative Board  tiie  Exposition  Management  extends  this  asknow- 
ledgment. 

SUlfUABT   or  XXPENSEB  OF  THB  CONOBESB 

Office  axpfaoMi S7,02S  82 

Travel 8,847  M 

Ezidcdtation,  Oiganiwng  Committoe  abroad    .    .    .    8,668  16 

Tzavaliitg  expeauea,  American  Bpeaken 81,860 

Ttavding  ezpeoaei,  Fordgn  Speaken tf,000 

Honorariumg 7,500 

Baoquet 8,600 

ExpoQeeB  for  eating  prooeedmgi 5375 

Estimated  oost  of  prinUiv  prooeedingi 22,000  $188,761  22 


INTERNATIONAL 
CONGRESS  OF  ARTS  AND  SCIENCE 

UNIVERSAL  EXPOSITION  ST.   LOUIS 

SEFTEHBER  19-25  1904 


PROGRAMME  AND  LIST  OF  SPEAKEBS 


^^^^^^^B                         ^^^^^^^^1 

^^^^^^^^H         Purpose         Plan  of  the  Congress                     ^^^^^^^^^^| 

^^^^^^^V                              of  the  Congress                                   ^^^^^^^| 

^^^^^^^^H         Speakers  and  Chairmen                                                ^^^^^^^H 

^^^^^^^^B         Chronological  Order  of  Proceedings                                    ^^^^^| 

^^^^^^^^^^         Programme  of  Social  Events                                                     ^^^H 

^^^^^^^^B        List  of  Ten-minute  Speakers                                                    ^^^| 

^^^^^^^^H        List  of  ChAJrmen  and  Principal  Speakers                             ^^^| 

^^^^^V                  INPBX  SUBJECTS                                             ^H 

^^^^^P                    Division  A.  normative  Science                                         ^^| 

^^^^H        Department  i.  PhiloBOpby 

Depojtment  3.  Mathematics                      ^^^H 

^^FciM.  A.  MctAphyn'cA 

Sm.  a.  Algebra  and  Anniyais                               ^^^^M 

^K             B.  Philoeophy  of  R«>ligioti 

B.  Oeomt'ilry                                                   ^^^B 

^B            C.  Ix^c 

C.  Applied  Mathematics                                ^^^^| 

^^M            D.  Methodolog)*  of  Scieooe 

^^^1 

^B            E.  EthicB 

^^^1 

^^^      F.  Jfktl^cB 

^^H 

^^^f                             Division  B.  Historical  Science                                          ^^^| 

^^M            Department  3.  Politicat  rti^ 
I^V                    Economic  Historr 

Department  6.  Historr  of  Lit-                   ^^^B 

erature                                        ^^^B 

r          Sec  A.  HtstojT  of  Asia 

See.  A.  Indo-Ira&ian  Literature                         ^^^B 

^K             B.  History  of  Greece  and  Rom« 

B.  daerical  Literature                           ^^^^^B 

^H             C.  Mf<<lixval  History 

C.  Knglish  Ijitrrature                            ^^^^^| 

^H              D.  Modem  History  of  Europe 

D.  Ronmncc  Lit«raturB                                ^^^^B 

^H              £.  History  of  America 

E.  Germanic  Literature                                 ^^^^| 

^H              F.  History  of  Eoooomic  InstUu- 

F.  Sla>-io  Litvrature                                        ^^^B 

^^1                         tions 

G.  Bellee-Lettrm                                             ^^H 

^H         I>eptrtment  4.  Historr  of  Law 

Department  7.  History  of  Act                    ^^^B 

^V      8«c.  A.  Htstory  of  Rortum  Law 

8ec.  A.  ClMKcal  Art                                           ^^H 

^B              ^  History  of  CommoQ  Law 

B.  Modam  Arohiteoture                              ^^^B 

^B.             ^-  CtNDpftmtJva  Law 

C.  Modem  Painting                                    ^^^B 

^^^^K         Department  5.  History  of 

Department  8.  History  of  Re-                    ^^^B 

^^^^B                       Lancua£e 

ligioQ                                              ^^^B 

^F     See.  A.  Comparative  Lan^A^ 

See.  A.  Bmhminiam  and  Baddhim                    ^^^B 

^B            B.  SexDitie  LAnguage 

B.  MohotntDMlisni                                       ^^^B 

^^1             C.  Indo-Iraaian  Langiugei 

C.  CHd  Teetament                                       ^^H 

^^M                   D.   Ormlr  T^ngtmyt 

D.  Xew  Testament                                         ^^^| 

^B            £.  Latin  lADgnage 

E.  History  of  the  Cliristiaa                         ^^^| 

^B            F.  E^n^liBh  Lan^usfcc 

Churvh                                                   ^^^B 

^^B            0.  Romance  Longuages 

^^^B 

^^M            B.  G«nnanie  Langaagca 

^           48^                                   PROGRAMS^                 ^^^^^^^H 

^^^^^H                                     Divmoo  C.  Physical  Science                              ^^H 

^^^^^V                Dcputment  9.  Phreica 

Department  13.  Biolocr         ^^H 

^^^V              Sec  A.  Pbrsiea  of  Matter 

Sec  A.  Phylof^y                              ^^^| 

^^^^K               B.  FhyriM  of  EthflT 

B.  Plant  Morphology                   ^^H 

^^^^^^H               Ol  PhftiM  oi  the  Electron 

C.  Plant  Physiology                     ^^H 

D.  Flant  Patl»4ogy                      ^^| 

^^^^^^H                Dep&rtment  10.  Chenustry 

E.  Ecology                                  ^^H 

^^^^f              Sec.  A.  Inorsauic  Chemuti7 

F.  Baetoiolofy                          ^^^| 

^^^^L^                 B.  Oif  auic  Cbvmiitry 

a.  Animal  Morphology               ^^^| 

^^^^^B                 C.  Phymoal  Cbemistry 

H.  Embryology                           ^^^H 

^^^^^^K               D.  Phytdological  Chemiatiy 

I.  Comparative  Anatomy           ^^^H 

J.  lltxmao  Aoatomy                   ^^^H 

^^^^^^V                Department  11.  Astroaomr 

K.  Physiology                             ^^^B 

^^^^L^         8«o.  A.  Aptrometry 
^^^^^^K               B.  Aitropbysioa 

Department  14.  Anthropology           ^M 

Sec.  A.  Somatology                             ^^^| 

^^^^^^^B             Oepartmeot  ta.  ScteocM  of  Qie 

B.  ArdiKology                              ^^^H 

^^^^^^H                                 Earth 

C.  Ethnology                             ^^H 

^^^^V              Sec.  A.  Goopbynca 

^^^1 

^^^^^^                B.  QeoIoKT 

^^^1 

^^^^^^H                     Poloxiatology 

^^^H 

^^^^^^^M               D.  Patrolog}' and  Minembgy 

^^^^^^M 

^^^^^H              S.  nqrriognpby 

^^H 

^^^^^^H                V.  Geography- 

^^^1 

^^^^^^H                Q.  OeeanosTBpby 

^^^1 

^^^^^^H               H.  Coamical  PhystcB 

^^1 

^^^^^H                                          Division 

Mental  Science                               ^^H 

^^^^^^^                Dvpartmeot  13.  Psycholosy 

Denitment  16.  Sociology        ^^^| 

^^^^^^^         Sec  A.  Qaoml  Psychology 

Sec  B.  Sodnl  Stnirtura                      ^^B 

^^^^^^K                B.  Experimcstol  Paychc^ocy 

C.  Sod&l  Psychology                  ^^^| 

^^^^^^^H                C.  Comparative   Aod   Gfioetic 

^^^1 

^^^^^^^m                         Piiycliology 

^^^1 

^^^^^^B                D.  Aboonnal  Pvycbology 

^H 

^^^^^B                                   Division  E.  UtilitariAn  Sciences                           ^^| 

^^^^^^^r                  Department  17.  Medicine 

Department  18.  Tecbnology           ^M 

^^^1                Sec.  A.  Public  Health 

Sec.  A.  Civil  Eogineering                         ^M 

^^^^H                          B.  Preventive  MpdJctne 

B.  Mechanical  ^^rg'^tfrfrtf               ^| 

^^^^^^                 C.  Pathology 

C.  Electrical  nigfaeertng            ^^M 

^^^^^^                D.  Tbcnpattka  and  Phai^ 

D.  Minmg  Kngitwering              ^^^M 

^^^^^^1                        maonlogjr 

B.  Technical  Cbemistry             ^^^| 

^^^^^^^B                 E.  Internal  Medicine 

F.  AgrtcoHure                           ^^^| 

^^^^^H                     Xeurology 

^^^^1 

^^^^^^H              0.  Piycbiatiy 

Department  ig.  Ecooomici             ^| 

Sec.  A.  Economic  Theory                  ^^^H 

^^^^^^K                   Oyawolofly 

B.  Trauportatioa                      ^^^| 

^^^^^1               J.  OphihabnokjgT 

C.  Commerce  and  Exchanga      ^^^| 

^^^^^^H                K.  Otolocy  and  Laryngology 

D.  Money  and  Credit                  ^^^| 

^^^^^V               L.  Pediatric* 

E.  PublioFlouw                      ^^1 

^^^^^^^^^^^^^^^^^^^^^^^^ 

F.  InituMwe                           ^^^1 

PBOGRAMME  40 

DMslon  F.  Social  Regulation 
Departmant  ao.  Politici  Department  aa.  Social  Sdenee 

Sec.  A.  Fblitical  Tbewy  Seo.  A.  The  Family 

B.  Dipknna^  B.  The  Rural  Community 

C.  National  Administration  C.  The  Urban  Community 

D.  Colonial  Administration  D.  The  Industrial  Group 

E.'  Municipal  Adomustration  E.  The  Depmdent  Group 

F.  The  Criminal  Group 
Depaitment  az.  Jnnspnidence 

Sec  A.  International  Law 

B.  Constitutional  Law 

C.  Private  Law 

Dirision  G.  Social  Culture 
Depaitment  aj.  Education  Depaitment  34.  Relicion 

See.  A.  Educational  Theory  Seo.  A.  General  Heligious   Educ&- 

B.  The  School  tion 

C.  The  College  B.  Frofeenonal  Relie^ous  Edu- 

D.  The  TJniveruty  cation 

E.  The  Library  C.  Beligious  Ageodes 

D.  Religious  Work 

E.  Religious  Influence:  Per- 

sonal 

F.  Religious  Influence;  Sodal 


PXmPOSE  AND  PLAN   OF  THE  CONGRESS 


The  idea  of  the  Congretss  grows  out  of  the  thought  that  the  eub- 
dlvision  and  multi  plicat  ion  of  specialties  in  science  haa  reached  a  stage 
at  whicti  investigators  and  scholars  may  derive  both  inspiration  and 
profit  from  a  general  sur\'ey  of  the  various  fields  of  learning,  planned 
with  a  view  of  bringing  the  scattered  sciences  into  closer  mutual 
relations.  The  central  purpose  is  the  unification  of  knowledge,  an 
effort  toward  which  seems  appropriate  on  an  occasion  when  the 
nations  bring  together  an  exhibit  of  their  arts  and  industries.  An 
assemblage  is  therefore  to  be  convened  at  which  leading  represent- 
atives of  theoretical  and  applied  sciences  shall  set  forth  those  general 
principles  and  fundamental  conceptions  which  connect  groups  of 
sciences,  review  the  historical  development  of  special  sciences,  show 
their  mutual  relations  and  discuss  their  present  problems. 

The  speakers  to  treat  the  various  themes  are  selected  in  advance 
from  the  European  and  American  continents.  The  discuasiona  will 
be  arranged  on  the  following  general  plan;  — 

After  the  opening  of  the  Congress  on  Monday  afternoon,  Septem- 
ber 19,  will  follow,  on  Tuesday  forenoon,  addresses  on  main  divisions 
of  science  and  its  applications,  the  general  theme  being  the  unification 
of  each  of  the  fields  treated.  These  will  be  followed  by  two  addi 
on  each  of  the  twenty-four  great  departments  of  knowledge.    ThfrJ 
theme  of  one  address  in  each  case  will  be  the  Fundamental  Conccp-' 
tioDS  and  Methods,  while  the  other  will  set  forth  the  progress  during 
the  last  century.  The  preceding  addresses  will  be  delivored  by  Ameri- j 
cans,  making  the  work  of  the  first  two  days  the  contribution  of] 
American  scholars. 

On  the  third  day,  with  the  opening  of  the  sections,  the  international 
work  will  begin.  One  hundred  twenty-eight  sectional  meetings  will 
be  held  on  the  four  remaining  days  of  the  Congress,  at  each  of 
which  two  papers  will  be  read,  the  theme  of  one  lieing  suggested  by 
the  relationii  of  the  special  branch  Ircat^xl  to  other  branches;  the 
otlier  by  its  present  problems.  Three  hours  will  be  devoted  to  each 
ae'ctional  meeting,  thus  enabling  each  hearer  to  attend  eight  sue! 
meetings,  if  he  so  desires.  The  programme  is  so  arranged  that  related' 
subJRcls  will  be  treated,  as  far  as  possible,  at  different  times,  llie 
length  of  the  principal  addresses  being  limited  to  forty-five  minutes 
each ,  there  will  remain  at  least  one  hour  for  five  or  six  brief  communi- 
cations in  each  section.  The  addreasos  in  each  department  will  be 
collected  and  published  in  a  special  volume. 
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It  is  hoped  that  the  living  influence  of  this  meeting  will  be  yet  more 
important  than  the  formal  addresses,  and  that  the  scholars  whose 
names  are  announced  in  the  following  programme  of  speakers  and 
churmen  will  form  only  a  nucleus  for  the  gathering  of  thousands  who 
feel  in  B3rmpathy  with  the  efforts  to  bring  unity  into  the  world  of 
knowledge. 
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DIVISION  A— NORMATiVE  SCIENCE               ^H 

^^^B           Speaker: 

pROPESsuB  JoHiAB  RuTCE,  H&rvard  University.        ^^H 

^L 

iHall  Q,  SipUmbtr  20,  10  o.  m.)                                   ^^H 

DEPARTMENT  1  -  PHILOSOPHY                      ^H 

^^^^^H 

(ftaU  6,  S*puimber  20,  11.16  a.  m.)                                ^^^ 

^^^^V          Chairman: 

Professor  Borden  V.  Bowne,  Boston  University.    ^^B 

^^^^^^      SPEAKicBa: 
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Professor  A.  C.  AaMSTRONa,  Wesloyan  University. 
Pkufkbsor  a.  E.  TATUiR,McGillUiuversity,  Montreal. 

^^^H           Speak  rra: 

^^^H 

Professor  Alekanoeh  T.  Ormond,  Princeton  Uni- 

^^^^1 

\'prsity. 

^^^^^^      SecnrTAfir 

:    Professor  A.  0.  Lovejoy,  Waabington  Univereity. 

^^^^B    SEction 

PBILOSOPHY  OF  RELIGION.   {ItaU  1,  Septembm-  21.  3  p.  m.) 

^          Cbajbuan 

Professor  Thomas  C.  Halt.,  Union  Theological  Sem- 

^^^^1 

inary,  N.  Y. 

^^^B          Speakers: 

PR0PEIS60B  Otto  Pfleideber,  University  of  Berlin. 

^^^H 

Professor  Ernst  Tboeltscb,  University  of  H«del- 

^^^H 

berg. 

^^^H           Sbcrictart; 

;  Dr.  W.  p.  Montague,  Columbia  University. 

^^H            SECTION 

LOGIC.    iHaU  6,  Stftemimr  22,  10  a.  m.) 

^^^^1            Chairman: 

Professor  Gsobge  M.  Ddkcan,  Yale  University. 

^^^H           Speakers: 

pROFfcissOR  WiLUAM  A.  Uahuond,  Comell  Uuivcrsity. 

^^^^H 

PaoFJUiSOK  Fbkoebick  J.  £.  Woodduuuk,  Columbia 

^^^1 

University. 

^^^H          Sp.rRrTARr: 

Dr.  W.  H.  Shf.ldox,  Columbia  University. 

^^H            SECTIOH 

METHODOLOGY  OF  SCIENCE.  (UaU  6,  StpUml^er  22,  3  p.  n  ) 

^^^1          Chairuan: 

Professor  James  E.  Creigbton,  ComoU  University. 

^^^H          Spkakers: 

PROFrsaoH  WiuiEUi  Ustwau),  University  of  Leipzig. 

^^^^1 

Professor  Benno  Ehdmann,  University  of  Bonn. 

^^^H              SB(-RRTARr: 

Dr.  R.  B.  Pebbt,  Harvard  University.                        ^^H 

^^^1         sscTion 

ETHICS.    {HaU  t,  Sepl4mber  23,  10  a.  m.)                                 ^S 

^^^H 

I^OFESSOR  George  H.  Pauier,  Han-ard  University.      ■ 

^^^H              iJPEAKKRA: 

PH0Fi:a80R  WiLUAU  R.  SoRLKT,  Univcisity  of  Cam-      H 

^^^^^^K 

bridge.                                                                              H 

^^^^^^p 

pROPESBOR  Paul  Hckqkl,  University  of  Erlangen.     ^^H 

^^^^^^    Secrittart: 

]*nomBOB  r.  C.  Sbabt,  University  of  Wisconain.       ^^H 
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SECTION  F.  AESTHETICS.    <//a«  4.  Seplembtr  23,  3  p.  m.) 

CnAiRU\N:     P«oi'i:8Soit  Jambs  H.  Ti'rra,  University  of  Chicago. 
Speakers:     Db.  HE»my  Rutgers  Mabshall,  New  York  City. 

PHoressoR  Max  Dessoir^  University  of  Berlin. 
Sccretabt:  Fbofessob  Max  Meyer,  University  of  Missouri. 

DEPARTMENT  2  —  MATHEMATICS 

(HaU  7.  SepUmber  20,  H.IS  a.  m.) 

Chairman:     Professor  Hknry  S.  Write,  Northweateni  Univere- 

ity. 
Spbakebs:     Professor  Maxime  B6cHEn,  Harvard  Univereity. 
Professor  James  P.  I'if.hpont,  Yale  University. 

SECnOH  A.    ALGEBRA  AMD  AHALYSIS.    (HaU  9.  StpUmber  22,  10  a.  m.) 

jCBArnuAN:    Professor  E.  H.  Moore,  University  of  Chicago. 
!p£l\kehs:     Professor  Emile  Picard,  The  Sorbonne;    Member 
of  the  Institute  of  FraiK^e. 
Professor  Heinrich  Maschke,  University  of  Chicago. 
SECRETARr:  Pbofessor  G.  A.  Bus8,  Univenjity  of  Chicago. 

SECnon  B.    GEOMETRY.    {HaU  9,  September  24,  10  a.  m.) 

Chairuam;     Professor  M.  W.  Ha.<ikell,  University  of  California. 

Speakers:     M.  Gaston   Dabdoitx,    Perpetual   Secretar>'  of   the 
Academy  of  Sciences,  Paris. 
Dr.  Edward  Kasser,  Columbia  Univermty. 

Secretary:  Professor  Thomas  J.  Holoate,  Northwestern  Uni- 
versity. 

SECnon  C    applied  HATHEUATICS.    iHall  7,  Stptmbtr  24,  3  p.  m.) 

Chairman:     Prof&ssor  Arthur  G.  Webster,  Clark  Univeraity, 

Worcester,  Ma-w. 
Speakers:     Professor  Ludwio  Boltzmann,  University  of  Vienna. 
Professor  Hh.Mii  i'oiNCARfe,  The  Sorbotuie;  Mtuibcr 

of  the  Institute  of  France. 
Sbchettast:  Professor  Henry  T,  Eddy,  University  of  Minnesota. 


DmSlON  B— HISTORICAL  SCIENCE 

{Hall  3,  Seplemh^  20,  10  a.  m.) 

Speaker:       President  Woodrow  Wilson,  Princeton  University. 


DEPARTMENT  3  — POLITICAL  AND  ECONOMIC  HISTORY 
{Halt  4,  SepUmber  20,  11.15  a.  n.) 

Cbaibii.\n: 

Speakkbb:     Professor  Wiluau  M.  Sloane,  Columbia  Universty. 
Professor  Jauks  H.  Robinson,  Columbia  Univereity. 


5« 


SPEAKERS  AND  CHAIRMEN 


SECTIONS  A  AND  B.    HISTORY  OF  GREECE.  ROME.  AHD  ASIA.    {llaU  3, 
SepUmbtr  21,  10  a.  m.) 

Chairman:    PnoFEsaoa  Thomas  D.  Seymour,  Yale  University. 
Spexebrs:     PRonwsoR  John  P.  Mahaffit,  University  of  DwbliTi, 
Professor  Ettore  Pais,  Univeraity  of  Naples.  Direc- 
tor of  the  National  Museum  of  AntiquitieB,  Naples. 
PRorESSOR  HfNBi  CoROiES,  Ecole  des  Langucs  Viv- 
antcs  Onentales,  Paris. 
Secret.vrt  :  PROFESSoa  Edward  Cappb,  UniverBity  of  Chicago. 


SBCTlon  C. 

Chairman: 
Speakers: 


MEDIAEVAL  BISTORT.    {Uatt  6,  Septimber  21,  3  p.  m.) 
Professor  CnARiiES  H.  Haskins,  Harvard  University. 


PROrBSBOR  Karl  Lamprecht,  University  of  Leipzig. 
pRoressOB  George  13.  Adam*,  Yale  Univereity. 
Secretary:  Professor.  Earle  W.  Dow,  Univemty  of  Alichigan. 

SECTIOn  D.     MODERW  HISTORY  OF  EUROPE.     {Hall  3,  Stptember  22, 

LO  a.  m.) 
Chairman:    Honorable  Jahss  B.  Perkins,  Rochester,  N.  Y. 
Speakers:     Professok  J.  B.  Bdmy,  Univereily  of  Cambridge. 

I*BOFEssoR  C11ARLF.S  W.   CoLBTj   McGiU    Uoivcrsity, 
Montreal. 
SBCRiTrARY:  Professor  Ferdinand  Schwill, University oEChicago. 

SECnOir  B.    HISTORY  OF  AMERICA.    {HaB  1,  SejiUmbm-  24,  10  a.  m.) 

Chairman:    Dr.  James  ScBorLER,  Boston. 
Speakers:     Fuofcssor  Fbederio  J.  Tubneb,  University  of  Wis- 
oonsin. 
Pbopebsor  Edward  G.  Bottrne,  Yale  University. 
Secretary:  Professor  Evabts  B.  Greene,  University  of  Illinois. 

SSCnOK  F.    HISTORY  OF  ECOHOMIC  IIISTITnTIOHS.    {Hatt  2,  SepUn- 

b«r  23,  3  p.  m.) 

Cbaixman:    Pbopebsob  Frank  A.  Fetter,  Cornell  UmverMly. 
Spsakkbs:     PnoPESSOB  J.  E.  Conbad,  University  of  Halle. 

Pbopessob  Simon  N.  Patten,  Univeraty  of  Penn- 
sylvania. 
Secbetart;  Db.  J.  Pease  Norton,  Yale  University. 

DEPARTMENT  4  — HISTORY  OF  LAW 

(HaU  fi,  Septfmber  20,  11. IS  a.  m.) 

Chaibuan:    Honorable  David  J.  Brewer,  Aasociate  Justice  of 
the  Supreme  Court  of  the  United  States. 

Speakers:     Honorable  Emun  McCi..ain,  Judge  of  the  Supreme 
Coart  of  Iowa,  Iowa  City. 
Pbopessob   Nathan  Abbott,  Leland    Stanford    Jr. 
University. 

SSCnon  a.  history  of  ROMAIT  law.    (Halt  11,  September  21,  3  p.  m.) 

Chairmah: 

Speakiss:     Mb.  W.  H.  Buckler,  Balllmon},  Md. 

Pbopessob  Md.tboe  Smith,  Columbia  University. 
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SBCnOR  B.    HISTORY  OF  COMHOirLAW.(Aa;in,5epf«m&i!r21,I0a.m.) 

Crairuan:     Pbofessor  Jobw  D.  Lawson,  Unuf-relty  of  Missouri. 

Speakers:     Honorable  Simeon  E.  Baldwin,  Judge  of  the  Supreme 
Court  of  Errora,  New  Haven,  Coun, 
PROFBsaoR    JouN    H.  WioMoRE,  NorthwGsteni  Uni- 
versity. 

Sechetabt:  Professor  C.  H.  Hobebicb,  Univereity  of  Texfla. 

SBCnOH  C.    COMPARATIVE  LAW.    {HaU  14,  StpUvtbfr  24,  8  p.  m.) 

Cbatrhan:    Honorable  Jacob  M.  Dickinbok.  Chicago. 
Spbakebs:     Prupessor  Nobdshioe  Uozumi,  University  of  Tokio. 
Professor  Alfred  Nerincx,  University  of  Louvain. 
Secretary : 

DEPARTMENT  6  — HISTORY  OF  LANGUAGE 

iBaU  4,  Stptambtr  20,  2  p.  m.) 

Crairuan:     Professor  George  Heupl,  Univereity  of  Michigan. 
Speakers:     Professor  T.  R.  Lounsbcrt,  Yale  Univereity. 

I'RF.siDENT  Bexjamin  Ide  Wheelkr,  UnJvcreity  of 
CalifoTxua. 

SECTION  A.   COVPARATTVE  LARGUAGB.  {HaUi.Stpte7iiber2l.\0  o.  m.) 

Crairu.\n:    Professor  Fbaxcts  A.  March,  Lafayette  College. 
Spc&KEfia:     Pkofessob  Cahl  D.  Buck,  University  of  Chicago. 

Professor  Hanb  Oertel,  Yale  University. 
Skcrftart:   Proff*sor  E.  W.  Fat,  University  of  Texas,  Austin, 

Texas. 

SBCnOR  a    SEMITIC  LARGUAGBS.    {HaQ  4,  SepUmber  21,  3  p.  m.) 

Crairuan:    Professor  G.  F.  Moore,  Han-ard  University. 
Speakers:     Professor  James  A.  Craio,  University  of  Michigan. 

PaoPEaftOR  Crawford  H.  Tot,  Han-ard  University. 
Secretary; 

SECT10R  C.   IRDO-XRARIAR  LARGUAGES.  (HaU  8,  SepUmber  22. 10  a.m.) 

Chairman: 

Speakers:     Professor  Stlvain  L£vi,  College  de  France,  Paris. 
Professor   Arthur   A.   Macoonell,  Univeruty   of 
Oxford. 
Sbcbetart: 

^Cnon  D.    GREEK  LAROUAGE.    (HaU  $,  StpUmber  22,  3  p.  tn.) 

Crairuan  :    Pkopessor  Martin  L.  D'Oook,  University  of  Michigan. 
Spbaksrs:     Professor  Herbert  W.  Smyth,  Harvard  University. 
Professor  Milton  W.   Humphbbyb,  Univeraity  of 
Virginia. 
Sscretart:  Professor  J.  E.  Habbt,  University  of  Cincinnati. 

SECnOH  E.    LATIH  UUTGOAGE.    (Halt  fl.  Sfptembrr  23,  10  a.  m.) 
Chairman:    Professor  BIauejce  Hutton,  University  of  Toronto. 
Spbakbrs:     Professor  E.  A.  Sonnenbchein,  University  of  Blr- 
niin^am. 
Professor  William  G.  Hale,  Univepsity  of  Chicago. 
Sicretabt:  Professor  F.  W.  Shiplet,  Washington  University. 


58 


SECTIOH  F.    ENGLISH  LARGUAGB-    {HaU  3.  SejHtmba-  23,  3  p  m.) 

Cuairuan:    PauFE&HOB  Chabi^cs  M.  OAfL£y,  Umversity  of  Cal- 
ifornia. 

Speakers:     Profxssob  Otto  Jespessbn,  University  of  Copcn- 
hageo. 
PhopsssorGeoboe  L.  Kittredge,  Harvard  University. 

Secrftary: 


SECTIOH  G. 

Chairman: 
SpJEAKSBa; 

Sbcbetart: 

SECTION  H. 

Chairman: 
SpiiAKiatH: 

Secbbi'art: 


ROlCAnCE  LANGUAGES.    (ifoU  fi.  SepUmber  24,  10  a.  m.> 

Fhofbssor  Paul  Meter,  College  de  France,  Paria. 
Fbofessor  Uenrt  a,  Todd,  Columbia  Univereity. 
FnoPEssoR  £.  E.  Brandon,  Miami  University. 

GERMANIC  LAKGDAGES.    UtaU  3,  Stptember  24.  3  p.  m.) 

I^ROFEssoR  GuSTAF  E.  Karsten,  Cornell  University, 
PaoFESSOR  JiDUARD  SiEVERS,  University  of  Leipzig. 
Pbofessoe  ilKauAM  Colutz,  Bryn  Mawr  College. 


DEPARTMENT  G  —  HISTORY  OF  LITERATURE 

{HaU  6,  Stptetnbcr  20,  4.15  p.  m.) 

Chairman: 

SPKAKtAa:     Professor  J.oi£8  A.  Harrison,  University  of  Virginia. 
Professor  Chables  M.  Gaylet,  University  of  Cali- 
fornia. 

SECTION  A.    IHDO-IRAHIAN  LITERATXnUS.  {/ieU&.S«pUmber2i,3p.m.) 

Chairman:    Professor    Maurice    Bloomfield,  Johns    Hopkins 

University. 
Spkakbr:       Propgs&ob  A.  V.  W.  Jackson,  Columbia  Uoiveiaity. 
Secretary : 

SECTION  B.    CLASSICAL  LITERATURE.    {Hall  3,  Stptembfr  21,  3  p.  m.) 

Chaibman:    PMOFEsaoB  Andbew  F.  West,  Princeton  University. 
Spbaksbs:     Phofesbor  Paul  Shoret,  University  of  Chicago. 

Professor  John  H.  Wright,  Har\*ar(l  Univereity. 
Secretary:   Professor  F.  G.  Moore,  Dartmouth  College. 

SECTION  C.    ENGLISH  LITERATURE.    (//oM  1,  SepUmbtr  22.  10  o.  m.) 

Chairman: 

Speakers:     Professob  Francis  B.  Gdmuebe,  Haverford  College. 

Pbofessob  John  Hoops,  University  of  Heidelberg. 
Secret-vrt: 

SECTION  D.    ROMANCE  LITERATURE.    (HaU  8.  StpUmbtr  S2,  3  p.  m.) 

CHAntHAN:    Proprhsor  Adolpbb  Cohn,  Columbia  University. 
Speaksrs:     Pbofeshoh  Pio  Rajna,  Institute  of  Higher  Studies, 

Florence,  Italy. 
Phofcwor  A-ictz  Fortier,  TuUne  Uoiversity.  New 

Orleans. 
dfiGBUBTABT:  Dr.  Coufubt,  Haverford  College. 
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SECnOH  B.    GERMAniC  UTERATURB.    {UaU  3,  Stptember  23,  10  a.  m.) 

GnAtRUAH:    Pbofessor  Kuno  FaANCKE,  Harvard  University. 
Speakers:     Professor  August  Saugr,  University  nf  Prague. 

Propessor  J.  Minor,  Univemty  of  Vienna. 
Sbcrctabt:  Professor  D.  K.  J essen,  BrynMawr  College. 

SECTION  F.    SLAVIC  LITERATOR£.    (fiaU  S.  Stplmber  21,  10  o.  m.) 

Chairman:    Mr.  Charles  R.  Crane,  Chicago. 
Speakers:     Professor  Leo  Wiener,  Han-ard  Umvereity. 

Professor  Pattl  Boyer,  Ecole  des  Laoguea  Vivantes 
Orientaies,  Paris. 
Secretart:  Mr.  B.  N.  Harper,  University  of  Chicago. 

SECnOIl  G. 

CMaIRUAN; 
Speajcers: 


Secretahy: 


BELLES-LETTRES.    (Hall  3,  September  24,  10  o.  m.) 

PfiOKtifSOH  KoBKKT  Uerrick,  University  of  Chicago. 
Professor  Henry  Schofield,  Har^'ard  University. 
Professor  Urander  Mattrews,  Columbia  Univere- 

ity. 


^M   Secre 

^^  DEPARTMENT  7  — HISTORY  OF  ART 

^^^P  {HtM  8,  Stptembvr  20,  11.15  a.  m.) 

^^^^hairman:  Professor  Hal3et  C.  Ivbb,  Washington  University, 

^^  St.  Louis. 

^B   Speakbbs:  Profkssoe  Rufus  B.  Richardson,  New  York,  N.  Y. 

^»  PnoFEs.soR  JoirN  C.  Van  Dyke,  Rutgers  College. 

I  SECTION  A.    CLASSICAL    ART.    (i/ott  12,  ScpUmber  22,  10  a.  m.) 

I  Cbaibuan:    Professor  Rufos  B.  Richardson,  New  York  City. 

^H  Speakers:     Professor    .\dolph    Furtwanoler,    University    of 
^M  Munich. 

^H  i^oFcasoR  Frank  B.  Tarbell,  L'liiveisity  of  Chicago. 

^1  Sccbetabt:  Dr.  P.  Balr,  Yale  Univemty. 

SECnOn  B.    HODERlf  ARCmTECrnRE.    {UaU  7,  StpUmber  22,  3  p.  m.) 

Cuasbmak:  Mr.  Charles  F.  McKnc,  New  York  City. 

^^    Sfbakebs:  Professor  C.  Enlaet,  Univerelty  of  Paris. 

^H  Professor   Alfred   D.  F.   Hauun,  Columbia  Unl- 
^^^^^^t^  versity. 

^^^^|B|E4Rt:  Mr.  Guy  Lowell,  Boston,  Mass. 

nCTIOIT  C.    MODERir  PAIITTUIG.    {HaU  4,  September  24,  S  p.  m.) 

Chairman: 

Speakers:     Pbofessor  Richard  Muthbh,  Univeraily  of  Breslau. 

Mr.  Okakora  Kakvzo,  Japan. 
Bbcbctabt: 

DEPARTMENT  8  —  HISTORY  OF  REUGION 

(.HaU  S,  ScpUmber  20,  2  p.  m.) 

CaAtBiiAN:    Rev.  Wu.  Euot  Geiffisj  Ithaca,  N.  Y. 
Spkakkbs:     Professor  George  F.  Moore,  Harvard  Univoruty. 
Professor  Nathaniel  Scbuidt,  Cornell  University. 


m 


SSCnon  a.    BRAUICAfflSM  AND  BDDDHISU.    (tfoU   8.   8epltmb«r   23, 

10  a.  m.) 

Chairuan: 

Speakers:     PRon»soR  Hrruank  Oldkkbero,  ITniver^ty  of  Kiel. 

Professor    Maurice    Blooufield,  Johns   Hopkins 

Uuiveraity. 
Da.  Beqinald  C.  Robbins,  Harvard  University. 


Sbcretart: 
SECTIOV  B. 

Chairman: 
Speakers: 

Sbcrptart: 
SECTION  C. 
Chairman: 

Speakers: 

Secret art: 

SEcnoir  D. 
Chairuan: 

Speakers: 

SECRETAKr: 

sbctior  e. 

Chair  man: 

Speakers: 

Secretary: 


MOHAHHEDISM.    (BaU  8,  Stplember  23,  3  p.  m.) 

raoKtaiwH  James  R.  J£Wett,  Univereity  of  Chicago. 
Professor  Ignaz  Goldziher,  University  of  Budapest. 
Professor  Duncan  B.  Macdonald,  Hartford  Tfaeo- 
lo^oal  Seminary. 

OLD  TESTAMEHT.    {BaU  4.  Septemfror  22,  10  a.  m.) 

Professor  A.  S.  Carrier,  McCormick  Theological' 

Seminary. 
Professor  James  F.  McCurdt,  University  College  of 

Toronto. 
Pbofessur  Kabl  Bcdde,  University  of  Marburg. 
Professor   Ja&tes    A.    Kf.lso,    Western   Theological 

Seminary,  Allegheny,  Pa. 

ITBW  TESTABSEirr.    (i7aR  1,  S€fUmbin-  23,  10  a.  m.) 

PROPF.SSOR  Andrew  C.  Zenos,  MeCormiok  Theolo^cal 

Seminary. 
Professor  Benjamin  W.  Bacon,  Yale  University. 
Professor  Ernest  D.  Burton,  University  of  Chicago. 
Professor  Cltde  W.  Votaw,  Uuiveraity  of  Chicago. 

HISTORY  OF  THE  CHWSTIAIf  CHURCH.      (BaU  2,  Sep- 

Umber  24,  10  a.  m.) 

Dr.  Eri  Baker  Hulbert,  Uuiveraity  of  ChiceKo. 
Professor  Anou  Harnack,  University  of  Berlin. 
PROFKsaoR    Jean    R6ville,    Faculty   of   Protestant 
Theology,  Paris. 


DIVISION  C— PHYSICAL  SCIENCE 

{Ball  i,  September  20,  10  a.  m.) 
Speaker:  Professor  Rorert  S.  Woodward, ColumUaUnlvenity. 


Cbairuan: 
Spbakers: 


DEPARTMENT  fi  — PHYSICS 

WaU  S,  SqiteMihar  30.  2  p.  m.) 

Professor  Henrt  Crbw,  N'orlbwestem  Umvoraity. 
PROFKSSOR  Edward  L.  Nichols,  Cornell  Umvoraity. 
PROFBBBOB  Cari,  Basub,  Bfown  University. 
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SECTIOR  A.    PHYSICS  OF  MATTER.    (Hall  11,  5«ptem6«r  23,  10  •.  m.) 

Cbxxbmah:     Pkoke83or  Samuel  W.   Stratton,   Director  of  the 

NationiU  Bureau  of  Standards,  Washington. 
Speakerb:    Pbopessor  Abthob  L.  Kimball,  Amherst  College. 

Pbofessob  Fkakcu  E.   Niphsb,   W&ahiBgton    Uni- 
versity. 
ietabt:   Professob  R.  A.  Miujken,  UaiTereity  of  Chicago. 

ion  B.    PHYSICS  OP  ETHER.    {HaU  II,  SepUmber  23.  3  p.  m.) 

Chaibican:   Pbofes&ob  Henrt  Cbew,  Nortfaweeteni  University. 

Spbakeb:  Pbofbbsob  DeWitt  B.  Bbacb,  University  of  Ne- 
braska. 

Secbetaet:  Pbopessor  Augustus  Tbowbkujqe,  University  of 
Wisconain. 

PHYSICS  OF  THE  EUtCTROS.  (HaU  S.  Stpttnbtr  33, 3  ^  m.} 
Professor  A.  G.  Webster,  Clark  University. 
Profebsor  p.  Langeviw,  College  de  France. 
FRorssaoB  Ernest  Rcthebfurd,  McGill  University, 

Montreal. 
Professor  W.  J.  Hdmphsets,  University  of  Yirgimn. 

DEPARTMENT  10  — CHEMISTRY 
(BaU  6,  SepUmber  20,  4.15  p.  n.) 

Profesbor  James  M.  Crafts,  Massachusetts  Institute 

of  Technology. 
Profebsor  John  U.  Nef,  Univeraity  of  Chicago. 
Professor  Frank  W.  Clabke,  Ch|^  Cheoiist,  U.  S. 

Geological  Su^^•ey.       , 

HIORGAmC  CHEIHISTRY.    iffoU  16,  3*pUmber  21.  10  «.  m.) 

Propesbob  John  W.  Mallet,  University  of  Virginia. 
Propebbob  Henri  Moibsan,  The  Sorbonnej    Member 

of  the  Institute  of  France. 
8nt  WiLLZAU    Rausat,   K.C.B.,  Boyal    Institution, 

London. 
:  Fbofessor  Wiluau  L.  Dudlet,  Vanderbilt  UmreiB- 

ity. 

OROAmC  CHEHISTRY.    {Halt  16,  8«pt4nbtr  21,  3  p.  tn.) 

Profebboh  Albert  B.  Pbescott,  University  of  Michi- 
gan. 

Professor  Juuos  SnEourz,  University  of  Cliicago. 

Professor  William  A.  Notes,  National  Bureau  of 
Standards. 


Sbcbbtabt 


Chairman: 

Speakers: 


SECnoif  A. 

Chajbhan: 

Speaeebs: 


Sbcbetabt: 

SEcnon  B. 
Cbairman: 

Speakers; 

Sccbbtart: 
SECnOH  c. 
CBAIRUaX: 

Spa&nas: 

tETABT: 


PHYSICAL  CHEMISTRY.    (HaU  16,  StpUmbo'  22.  10  a.  m.) 

Profebsor  Wilder  D.  Banoioft,  Cornell  Univerrity. 
Fbofessob  J.  H.  Van  t'Hoff,  University  of  Berlin. 
J^OFEBBOR  Arthur  A.  Notes,  Masachuaetts  Institute 

of  Teohnaloey. 
Mr.  W.  R.  Whitnet.  Schenectady,  N.  Y. 
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SECnon  D.    PHYSIOLOGICAL  CHBIUSTRY.    {Hall    10,    SepUnber    22. 
3  p.  m.) 

Cbairmak:    Professor  Wilbur  0.  Atwatek,  Wealeyan  Umvera- 
ity. 

Spsakebs:     Professob  O.  Counbeui,  University  of  HeiJelberg. 
Fropessor  Russell  H.  Chittbmden,  Yale  Univers- 
ity. 

Secretary:  Da.  C.  L.  Alsberg,  Harvard  University. 

DEPARTMENT  U  —  ASTRONOMY 

{Hall  8,  SipUsnber  20,  4.16  p.  M.) 

Chairman:    Professor  George  C.   Combtock,  Director  of  the 

Obsen'atory,  Madison,  Wisconsin. 
Speakers:     Professor  Lewis  Boss,  Director  of  Dudley  Ohserva- 
tor>-. 
Professor  Edward  C.  Pickeriho,  Director  of  Har- 
vaid  Obeervatory. 

SECTION  A.    ASTROHBTSr.    [Hall  9,  StpUmber  21,  10  a.  m.) 

Chairman:     I*EOFE8gOR  Ormond  Stone,  University  of  Virginia. 

Speakers:     Dr.  Oskar  Backlund,  Director  uf  the  Observatoiy, 
Pulkowa,  Russia. 
PuorBSSOR  John  C.  Kaptkyn,  University  of  Gronin- 
gen,  Holland. 

Secsxtabt:  PRorEssoa  W.  S.  Eichelberqbr,  U.  S.  Naval  Observ- 
atory. 

SBCnOR  B.    ASTROPHYSICS.    {.UaU  9.  Sepltmba-  31,  3  p.  m.) 

Chairman:    Pbopessor  Georqb  E.  Hale,  Director  of  the  Yerkes" 

ObBcrvstory. 
Speakkrs:     Professor  Hehbert  H.  Turner,  F.R.S.,  Umvera- 

ity  of  Oxford. 
pRorES&OK  WiLUAM  W.  Campbell,  Director  of  the 

Lick  Observatory,  Mt.  Hamilton,  California. 
Secbetart:  Mb.  W.  8.  Adams,  Yerkes  Ob«servatory. 


DEPARTMENT  12  — SCIENCES  OF  THE  EARTH 
(BaU  3,  SapUmber  20,  U.lfi  a.  n.) 

Chaibuak:    Dr.  0.  E.  Gilbert,  U.  S.  Geological  Survey. 
Speakers:     PBorcssoR  Thomas  C.  Chauberun,   University  of 
Chicago. 
Professor  Wiluau  M.  Da^is^  Harvard  Univcrmty. 

SBCnOir  A.    GEOPHYSICS.    (Ifan  14.  September  21,  10  o.  m.) 

CnAiRMAN:    Professor   Cu&istophes   W.   Hall,  Unireiwty   of 

Minneeota. 
Spcakkb:      Db.  Gboboc  F.  Bjcckeb,  Oeolo^t,  XT.  S.  Geological 

Survey. 
Sbcretart:  Professob  E.  U.  Lebnebtb,  HinneBota  State  Normal 

Sohool. 
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SBCnOH  B.    GBOLOGT.    (flaa  14,  SepUmber  31,  a  p.  m.) 

t'HAiRMAN:     Pbofrssor  T.  C.  Chaubfjiun,  University  of  Chicago. 
SPiu&iiBs:     pHEaiDENT  Ch-UILE8  R.  Vam  HiBE,  Univeraity  of  Wis- 
coninn. 

Secretary:  Professor  R.  D.  Sausbubt,  Univereity  of  Chicago. 

SBCnOH  C.    PALAEOirrOLOGT.    (UaU  11.  Stptember  22,  10  a.  m.) 

Ciiaihman:    PiioKBSsoR  WiLUAM  B.  Scott,  Princeton  Univereity. 
SpEAKEaa:     Dr.  A.  S.  Woodward,  F.R.S.,  BriUah  Museum  of 
Natural  llistorj*,  Loudon. 
pROPEssoR  Henby  F.  Oshorn,  Columbia  Univereity. 
SErBRTABT:   1)r.  John  M.  Clahke,  Albany,  N.  Y. 

SECnon  D.    PETROLOGY  AKD  HIHERALOGY.     (.ffaa  9.  StpUmbtr  22, 
3  p.  m.} 

Chairman:     Db.  OuvkrC.Farrinoton,  Field  Columbian  Museum, 
Chicago. 
I'nopEsaoR  F.  ZmKEL,  Univereity  of  Leipzig. 


Speaker: 
Secretary: 

section  e. 

CHAtRUAN: 

Speakers: 

Srcbetart: 
sEcnoR  r. 

Cbairuak: 
Spbakkbs: 

Secbktahv: 

SECTION  G. 

Cbairuan: 
Speakers: 

Sbcbetart: 


PHYSIOGRAPHY.    (HaU  12,  September  21,  10  o.  m.) 

Mr.  Hi-:nry  Gannf-TT,  IJnitwl  States  Geolopcal  Sun-ey. 
I*HOFF-ssoR  Ai.BREcnT  Pksck,  University  of  Vienna. 
I^oFEssoR  Israel  C.  Russell,  University  of  Michigan. 
Dr.  John  M.  Clarke,  Albany,  N.  Y. 

GEOGRAPHY.    {HaU  11,  SepUimber  22,  3  p.  m.) 

Propessor  IsraelC.  Russell,  University  of  Michigan. 
Dr.  Hugh  R.  Mill,  Krector  British  Rainfall  Orgao- 

ization,  lx>ndon. 
PROPKtisoH  H.  Yule  Oldham,  Cambridge,  England. 
Professor  R.  D.  SALL«!BtTRy,  University  of  Chicago. 

OCEANOGRAPHY.    (HaU  8,  Stpumber  2!,  3  p.  n.) 

Rear-Aduiral  Jobx  R.    Bartlett,  United  States 

Navv. 
Sir  John  Murray,  K.C.B.,  F.R.S.,  Edinburgh. 
Professor  K.  Mitsukuri,  University  of  Tokio. 


SECTION  H,    COSHICAL  PHYSICS.    {Halt  10,  SepUrnher  22,  10  a,  m.) 

Chairman:     Professor  Franczh  E.  NiPHER.WashingtonUnivereaty. 
3p£.\.KEns:     Profesror  Svante  ATiRnENius,  Univereity  of  Stock- 
holm, Stockholm. 
Dr.  Abbott  L.  Rotch,  Blue  Hill  Ohaervatory. 
Dh.  L.  a,  Bauer,  Washington,  D.  C. 
tart: 


Cbaibuan: 
Speakers: 


DEPARTMENT  13  —  BIOLOGY 

(IFa/i  2,  SepUmba-  20,  11.15  a.  m.) 

Propessor  Wiluam  O.  Farlow,  Har\'erd  University. 
I*rofe88or  John  M.  Coulter.  Univeraity  of  Chicago. 
Professor  Jacques  Lokb,  University  of  California. 
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SBCTIOn  A.    PHYLOGEITY.    (HaU  2,  September  21,  3  p.  m.) 

Chaibuak:    p£0PE88OB  T.  H.  Morgan,  Cohimhia  University. 
Spxuubs:     FftOPSSeoB  Hooo  de  Vries,  University  of  Anuterd&m. 
pRorESEOB    Chablii;s    O.    WumuN,    Univenity    of 
Qticago. 
SECBrrABY : 

SECTION  B.    PLANT  MORPHOLOGY.    {.HaU  2,  SepUmber  22,  10  a.  m.) 

Chairuan:    pBOFEsaoR  William  Trelbase,  Washington  Univere- 

ity,  St.  Louis. 
Sfeakebs:     Pboprssob  Fbedebick  0.  Bowbb,  University  of  Glas- 
gow. 
Propessob  Kabl  F.  Goebel,  University  of  Munich. 
Secbetabt:  Propessob  F.  E.  Lmjyd,  Columbia  University. 

SECTIOH  C.    PLANT  PHTrSIOLOGY.    {HaU  4,  Stptember  22,  3  p.  m.) 

CuAiR&tAx:     PBoFKSsoii  Chakles  R.  Bahnes,  University  of  Chicago. 
Speakebs:      PnoFE&sOE  Juutjs  \Viesne3,  Umvcreity  of  Vienna. 
Pbopbbsob  Benjamin  M.  Duooar,  Uoiversity  of  Mis- 
souri. 
SECBEn-AHT:  pROPP-saoR  F.  C.  Nkwcomb,  University  of  Michigan. 

SECTIOH  D.     PLANT  PATHOLOGY.    {UaU  7.  8*ptemb«r  33,  10  o.  m.) 

Chaibman:    Pbopessob  Chas.  E.  Bbsset,  University  of  Nebraska. 
Spbaebbs;     Propessob  Joseph  C.  Arthur,  Purdue  University. 

Merton  B.  Wapfb,  U.  S.  Department  of  Agriculture. 
Secretary:  Dr.  C.  S.  Shrah,  U.  S.  Department  of  Agriculture. 


SECTION  E.    ECOLOGY.    {UaU  7,  SepUmber  23.  3  p.  n.) 

Chairman: 

Speakers  : 


Secbetaby: 


Professor  Oskar  Dbude,  Kon.  Technische  Hoch- 

schule,  Dresden, 
Pbopebsor  Benjahh;  Robin&on,  Hsn'ard  Uoiveraity. 
Pbopbbsob  F.  E,  Clbuents,  University  of  Nebraska. 


SECTION  F.    BACTERIOLOGY.    (.IlaU  15,  SepUfidur  24,  10  a.  m.) 

Chairman':    Pbofkssor  Harold  C.  Ernst,   Harvard  University. 
Speakers;     Professor  Edwin  0.  Jordan,  Univeraity  of  Chicago. 

Propessob  Tukudalu  S.uitu,  Harvard  University. 
Secbetaby:  Du.  P.  H.  Hibs,  Jr.,  Columbia  Univcruty. 


SECTION  G.    AinMAL  MORPHOLOGY.    (//oO  12,  SepUmbtr  2t,  10  a.  m.) 

Chairman:    Dr.  Leland  0.  HowARn,  Department  of  Agricultupe, 

Washington,  D.  C. 
Speakers:     Profkssob  Cbables  B.  Davenport,  Uoiveraity  of 

Chicago. 
pRorassoR  AiJDRD  GiARD,  Thfl  Sorbonne;    Member 

of  the  Institute  of  France. 
Secbbtary:  Propessor  C.  H.  Herricx,  Deiuiisoo  University. 
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SECTION  H.    EKBRYOLOGY.    (Haa  0,  SejiUvtber  33,  3  p.  m.) 

CHAIBKA.K:     PROPES&OR  SiMOK  H.  Gage,  Comel!  University. 
SPXAKKlta:     Pkop£S80R  OaKAR  Hertwio,  L'niversily  oE  Berlin. 

Fbofessor    William    K.    Brooks,   Johns    Hopkins 
University. 

PSOPBSSOB  T.  G.  Lbe,  Univeraity  of  Minnesota. 


SacauTABT 

SBCnOR  I. 
Chajrican: 


COHPARATIVB  AHATOUY.    {HaU  2,  SepUmbtr  24,  3  p.  m.) 

Profesaqr    James    P.    McMdrbicb,    Univeraity    of 
Michigan. 

Speakers:     Propes&ob  Wiluau  E.  RnrEH,  Univeraity  of  Cali- 
fornia. 

Propessor  YrEfl  Delaoe,  TheSorbonne;  Member  of 
the  Institute  of  France. 

Propessor  Henbt  B.  Wars,  University  of  Nebraska. 


Skcbetary 
SBcnoir  J. 
Cbauuian: 


HUlCAn  AKATOKY.    (.HaS  2,  September  22,  3  p.  m.) 

Professor  George  A.  Ppirsol,  Univeraity  of  Peon- 
sylvauia. 
KKBs:     Professor  Wilrelm  Waldetgr,  Univeraity  of  Berlin. 

Propessor  H.  U.  Donaldson,  University  of  Chicago. 
etaby:  Dr.  R.  J.  TBHRr,  Waaliington  Univeraity. 

SBCnOll  K.    PHYSIOLOGY.    {Halt  i,  Septembtr  23,  10  a.  m.) 

Chairuan:    Da.  S.  J.  Mbltzer,  New  York. 
Speakers:     Pbopessor  Max  Viibworn,  Univeraity  of  Gdttbuen. 
Propessor  Wiluam  H.  TIoa'ELL,  Johns  HojJdna  unH 
veriiity. 
SxcKETABr:  Dh.  Rjuu  Hunt,  Washington. 

DEPARTMENT   U  —  ANTHROPOLOGY 

{HaU  S,  Sfptembn-  20,  2  p.  m.) 

Chairman:    Propessor  Fbeoehic  W.  Putnam,  Harvard  Univera- 
ity. 
Speakers:     Dr.  W  J  McGee,  President  American  Anthropological 
Association,  Washington,  D.  C. 
Professor  Franz  Boas,  Columbia  University. 

SECnOIT  A.    SOMATOLOGY.    (BaU  Id,  SepUmber  23,  3  p.  m.} 

CBAniMAN:    Dr.  Edward  C.  Spitika,  New  York  CSty. 
Speakers:     Professor  L.  Manouvrier,  School  of  Anthropology, 
Paris. 
Dr.  Gkobgb  a.  Dorset,  Field  Columbiaa   Museum, 
Chicago. 
Sbcbbtart:  Dr.  E.  A.  SprrzKA,  New  York  Qty. 

SECnOir  B.    ARCHAEOLOGY.    {ffaU  10,  September  24.  10  a.  m.) 

Cbahuian:     Mr.  M.  H.  Sayillb,  American  Museum  of  Natural 

History,  New  York. 
Stkacsrs:     Senor  .Vlpredo  Cbavero,  Inspector  of  the  National 

Mus«um,  Mexico. 
Professor  Edouard  Seler,  University  of  Berlin. 
Secbctabt:  PRorBSSOK  Wiluam  C.  Mjlia,  Ohio  State  Univovity. 


SBCnOIT  C.    ETHNOLOGY.    (.HaU  19,  Sep(«infrnr  24,  3  p.  m.) 

Chairman:    Miss  Alicr  C.  Flrtchkr,  Preeident  of  tlie  Wasbiog- 

ton  At tJiropo logical  Society. 
Speakers:     Peopebsoh  Kkederick  Starr,  Tlnivcraity  of  Chicago. 

PaoPESsoR  A.  C.  Haddon,  University  of  Cambridge. 
Secxetaxy:  Professor  F.  W.  Shipley,  Waehington  Univeraity. 


Speaicxr: 


DIVISION  D.  — MT.NTAL  SCIENCE 

tBaO  7,  StpUmbfr  20,  10  a.  ».) 

pRiTsmFNT  G,  Stanley  Halt.,  Clarfc  University,  Wor- 
ceatCT,  Mass. 


DEPARTMENT  15  —  PSYCHOLOGY 

(BaU  7,  S«plember  20,  2  p.  m.) 
CBAIRIfAN: 

SpEAESna:     Professor  Jauks  McK.CATTBix,C<Jumbia University. 
Professor  J.  Mark  Baldwin,  Johns  Hopkins  Uni- 
versity. 

SECTIOir  A.    OElfERAL  PSYCHOLOGY,    {HaU  6.  S^pUmber  23.  3  p.  n.) 

Chairuan:    Professor  Jos.  Royce,  Harvard  Univeraity. 
Spe.\kers:     Professor  Harald  Uoeffdinq,  Umveisity  of  Copen- 
hagen. 
Professor  James  Ward,  Univereity  of  Cambridge, 

England. 
Secretary:  Dr.  W.  H.  Davis,  Lehigh  ITmversiey. 

SECTION  B.    EZPERIMEnTAL  PSYCHOLOGY.      {Ualt  2,   September  23. 
10  a.  m.) 

Chairman:    Professor  Edward  A.  Pace,  Catholic  University  of 

America. 
Speakers:     Professor  RoBERTMAcDouoAL.NewYorkUnivensity. 
Pbopkssor  Edward  B.  'I'itchenrr,  CoraeU  University. 
Sbcbbttaby:  Db.  K.  S.  Woodwuktu,  Columbia  University. 

SECTION  C.    COMPARATIVE  AND  GENETIC  PSYCHOLOGY,     iffatt  fl. 

Seplrmbcr  24,  10  a.  m.) 

Crairmak:    Professor  Enwuinj  C.  Santord,  dark  University, 

Worcester,  MaaB. 
Speakers:     Principal  C.   Llotd   Morgan,  University   College, 

Bristol. 
Professor  Mary  W.  Calkins,  Welleeley  Collie. 
Bccrbtabt:  Db.  R,  M.  Yerkrh,  Harvard  University. 

SECTION  D.    ABNORMAL  PSYCHOLOGY.    {HoH  Q,  Stptembrr  24.  S  p.  M.)~ 

Chairman:     Dh.  tbWARD  Cowles,  Waverley,  Mass. 
Speakers:     Db.  Pierre  Janet,  College  de  France,  Paris. 

Dr.  Morton  Prince,  Boston. 
Sechetart:  Dr.  Adolpb  Meyer,  New  York  City. 
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Ohairhan: 


iHaU  7,  SgpUmber  20,  4.15  p.  m.) 
Professor  Frank  W.  Blackmar,  University  of  Kan- 


sas. 


Spjukerb:     Pkof£88ob  Frakkun  Q.  Giddinos,  Columbia  Uni- 
versity. 
Professor  GEonas  E.  Vincent,  University  of  Chicago. 

SECTlOir  A.    SOCIAL  STRUCTURE.    (Hall  15.  Stpt^ntm  21,  10  a.  m,) 

CBAtRMAN:     PnnpmsoR  Frederick  W.  Moork,  VanderbJlt  Uni- 
versity. 
Speakers:     Field  Marshal  Gustav  Ratzenbofer,  Vienna. 

pKOKKssoR  F.  ToENKlKS,  University  of  Kiel. 

Pbopessoe  Lester  F.  Ward,  U.  9.  National  Museum. 
Ssceetabt:  Professor  Jerouf.  Dowd,  UniverBity  uf  WisconeiD. 

8SCTI0B  B.    SOCIAL  PSYCHOLOGY.    {BaU  15.  Septmbtr  23, 10  a.  «.) 

Cbaibuan:    Professor  Charlf^  A.  Ellwood,  University  of  Mis- 
souri. 
Spcauers:     Professor  Wm.  I.  Thomas,  University  of  Chicago. 
I^orESBOR  Edward  A.  Ross,  Univer^ty  of  Nebraska. 

Bbcbgtart:  Professor  E.  C.  Hayes,  Miami  University. 


DIVISION  E— UTILITARIAN  SCIENCES 

(ffoR  1 ,  S«pieml>er  20,  10  a.  m.) 

Speaker:       President  Davjd  Starr  Jordan,  Leland  Stanford  Jr. 

University. 


DEPARTMENT  17— MEDICINE 

{ffaa  1,  September  20,  4.1S  p.  m.) 

Chairman:    Dr.  William  Oslgr,  Johns  Hopkins  University. 
Spiakers:     Dr.  William  T.  Coumcilman,  Harvard  Univereity. 
Dr.  Frank  Bilunos,  University  of  Chicago. 

SECnon  A.    PUBLIC  HEALTH.    (.HtM  13,  8epUmber  21,  10  a.  m.) 

CHAnucAM:    Dr.  Walter  Wtman,  Surgeon-General  of  the  U.  8. 

Marine  Hospital  Service. 
Speakers:     Professor    Wiluau    T.    Seoou-ick,    Massachusetts 
Institute  of  Technologj*. 
Dr.   Ernst  J.   Lederle,  Former   Commissioner   of 
Health.  New  York  City. 
pabt:  Dr.  H.  jl  Bracken,  St.  Paul,  Minn. 
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SBCnON  B.    PREVEIITtVB  MECIcniE.    iHaU  13.  SepUmber  21.  i  p,  m.) 

Chajsman  :     Dr.  Jo^f.ph  M.  Uathews,  President  of  the  State  Board 

of  Health,  Louisville,  Ky. 
Speaker:       Profebsos  Roxald  Ross,  F.R.S.,  School  of  Tropical 

Medicine.  Univeraity  College,  Liverpool. 
Sechetahy:  Dr.  J.  N.  Hurty,  Indianapolis,  Ind. 

SECTION  C.    PATHOLOGY.    iHaU  13.  SepUmber  22,  10  a.  m.) 

Cbairman:     Professor  Siuok  Flcxiteb,  Director  of  the  Rocke- 
feller Institute. 
Speakers:     Professor  Lddwig  Hektoen,  University  of  Chicago. 
pROFBBSOR  Johannes  Orth,  University  of  Berlin. 
PROPB6SOR    SiUBAfiABURO    KiTASATO,    University    of 
Tokio. 
Secretary:   Dr.  W.  McN.  Mili.eh,  University  of  Missouri. 

SECTION  D.    THERAPEimCS  AHD  PHARMACOLOGY.      (Haa  18,  Stji- 
Umber  24,  3  p.  tn.) 

Cuaihuan:     Dr.  Uobart  A.  Hare,  Jefferson  Medical  College. 
Speaiucrb:     pROPEsaoR  Obcar  Liebreicb,  University  of  Berlin. 

Sir  ItAXJDER  Brcnton,  F.R.S.,  London. 
Sbcbetahy:   Dr.  H.  B.  Favill,  Chicago,  111. 


SECTION  E.    IHTERITAL  BtEDICINE.    (HaU  13,  September  23,  3  p.  m.) 

Chaibhan:     Professor  Frederick  C.  SoATrtJCK,    Han'&rd   Uni- 
versity. 

Speakers:     Professor  T.  Cuftobd  Allbutt,  F.R.8.,  University 
of  Cambridge. 
Professor  Wiluah  S.  Thatxr,  Johns  Hopkina  Um-_ 
vexsity. 

Secretary:  Dr.  R.  C.  Cabot,  Boston,  Mass. 

SECTION  P.    NEUROLOGY.    {HaU  13,  Stpltmbtr  22.  3  p.  m.) 

Chairman:     Professor    Lewellyn    F.    Barker,    UHiveisity    of 

Chicago. 
Speaker:       Professor  James  J.  Tvtwau,  Harvard  Umvcraity. 
Secretary: 

SECTION  G.    PSYCHIATRY.    (HaU  7.  SepUnber  22,  10  a.  m.) 

Chairmak: 

8i>KAKJ£Ba:     Dr.  Charles  L.  Daha,  Cornell  UDiTereity,  New  York. 

Dr.  Evwaad  Cowixs.  Boston. 
SECBrrART:   Dr.  C.  G.  Cbaddock,  St.  Louis,  Ho. 

SECTION  E-    SURGERY.    (BaU  13,  StpUmbtr  23,  10  a.  m.) 

Cuaibuan:     pRorEHHoit  Carl  Bete,  Postgraduate  Medical  School, 

New  York. 
Sfeakebb:     Dr.   Frederic  8.  Dekntb,  F.R.C.8.,  Cornell  Medical 

CoUcpo,  N'ew  York  City. 
Professor  Johamnes  Ortb,  University  of  Beriin. 
SECucTAaY:   Dr.  J.  F.  Binhie,  Kansas  City,  Mo. 
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SECTION  L    GYHECOLOGY.    {HM  13,  StjtUmber  24,  10  a.  m.) 

Chajbuam:  Pbofewob  Howard  A.  Kellt,  Johns  Hopkins  Uni- 
versity. 

SrcACcn:  Profrssob  J.  CI'A.rrncb  Wehstbr,  Rush  Medical  Col- 
lege, Chicago. 

Secsetart:  Dr.  G.  H.  Noble,  Atlanta,  Oa. 

SECnOH  J.    OPHTHALMOLOGY.    iUaU  7,  SepUmber  24.  10  a.  n>.> 

Chairman:    Dr.  George  C.  Harlam,  Philadelphia,  Pa, 
SfuiEEHS:     Dr.  Edward  Jacksox,  Denver.  Col. 

Db.  Gkoror  M.  Godu>,  Philadelphia,  Pa. 
Secrbtabt:  Db.  Wm.  M.  Swebt,  Jefferson  Medical  College,  Phil- 
adelphia, Pa. 

SECTIOH  K.    OTOLOGY   AHD  LASTIfGOLOGY.     {BaH  7,  SepUmher  31. 

10  a.  m.) 

CHAiRMAif:  pBorsssoB  WiLUAM  C.  Glahgow,  Washington  Uni- 
versity, St.  lyOUtS. 

Speaker:       Sib  Felix  Semon,  C.V.O.,  Fhyeician  Extraordinary 

to  His  Majcflty,  the  King,  London. 
Skcretart:  Db.  S.  Spencer,  Allerhiirst,  N.  J, 

SECnon  L.    PEDUTRICS.    iHaU  7,  3»ptemiKr  21.  8  p.  m.) 

Chairman:     Professor  Thomas  M.  Rotch,  Han*ard  University. 
6p£aeer8  :     Professor  Theodore  Escherich, University  of  Vienna. 

Pbupehsoh  Abraham  Jacobi,  Columbia  Univereity. 
Secbbtart:  Dr.  Sauijel  S.  Adams,  Wa^liingionj  D.  C. 


DEPARTMENT  18  —  TECHNOLOGY. 

{H(^l  3,  S^pUmber  20.  2  p.  m.) 

Cbairuax:  Chancellor  Winkield  S.  Chapun,  Washington  Uni- 
versity, St.  Louis. 

Speakkb:  Pbofessoe  Henbt  T.  Bovet,  F.R.S.,  MoGdl  Uni- 
versity, Montreal. 

SECnon  A.    CIVIL  EKGIIfEERIZrO.    iHaU  10,  Stptember  21,  10  s-  m.) 

Chajbuan:    Pbovf^sor  William  H.  Burr,  Columbia  Univeraity. 

Sfxakebs:     Dr.  J.  A.  L.  Waddell,  Consulting  Engineer,  Kansas 
aty. 
Me.  Lewis  M.  Hadpt,  Consulting  Engineer,    Phila- 
delphia. 


Sscretart: 
SEcnon  B. 

Ckaibicaw: 
Speakib: 

Secrktabt: 


KECHAmCAL  ElfODTEERIIVO.       (HaU   10,    Septtmbtr  33, 
3  p    m.) 

Pbofessoe  James  E.  Dektok,  Stevens  Institute  of 

Technology. 
pRorESBOB  Alrbbt  W.  Smith,  I«land  Stanford  Jr. 

Univendty. 
Mr.  Gbobqb  Dinkel,  Jr.,  Jersey  Oty, 


TO 

section  c. 

Chaibuan: 
Spi£aiuuus: 

SECHET-iHT : 

SEcnoif  t>. 

Chairmak: 
Sp£akbbs: 
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ELECTRICAL  EBGIIfEERIflO. 
3  p.  m.) 


(i/aU    10,    SepUmbtr    22, 


Secretabt 

SECnOH  E. 
CflATBMAN: 


Fropessor  Arthur  E.  Kennellt,  Harvard  Univcw- 

ity. 
PROPRSSOR  Michael  I.  Pupik,  Columbia  UniverBity. 
Kb.  Cahl  Uerinu,  Philadelpbja,  Pa. 

maao  EnomEERina    iBau  n.  sepuvtber  24, 10  a.  m.) 

Mh.  John  Hats  Hammokd,  New  York  City. 
Professor    Robert    H.    Richards,    Uassachusctts 

Institute  of  Technology. 
FROFxaaoB  Sjluvsl  B.  Christy,  Univenuty  of  Cali- 

foruia. 
Dr.  Joseph  Struthk&s,  New  York  City. 


TECHmCAL  CHEBOSTRY.    (HaU  16,  SepUmb^2Z,  10 a.m.) 

Dr.  H.  W.  Wiuct,  Department  o£  Agriculture. 
Speakers:     Profrssor  Charles  £.  Munroe,  George  Washington 
University. 
Professor  William  H.  Walker,  Massachusetts  In- 
stitute of  Technology. 
Secretary:  Dr.  Marcus  Benjamin,  U.  S.  National  Museum. 

SECTIOn  F.    AGRICULTURE.    {HaU  10,  Septtmbtr  24,  3  p.  m.) 

Ghairman;    Professor  H.  J.  Wheelrr,  Kingston,  R.  I. 
Speakers:     Professor  Charles  W.  Dadney,  Jr.,  Univeraty  of 
Cincinaati. 
Professor  Liberty  H.  Bailet,  Cornell  University. 
Sbcbbtart:  Pbopssbor  Wiluau  Hill,  University  of  Chicago. 

DEPARTMENT  19  —  ECONOMICS 

{Hall  1,  Stpttmlm-  20,  11.15  o.  m.) 

Chairman:    Frofebsor  Emory  R.  Johnson,  University  of  Penn- 
sylvania. 
Speakers:     Professor  Frank  A.  Fetter,  Cornell  University. 

Professor  Adolph  C.  Millbr,    University  of  Cali- 
fornia. 

SECTIOn  A.    ECOHOHIC  THEORY.    {Haa  15.  September  22,  10  a.  m) 

Chairman: 

Speakers:     Pkope-ssob  John  B.  Clark,  Columbia  Univeraity. 

Profe-ssor  Jacob  H.  Hollander,  Johns  Hopkins 
University. 
Secretaby:  Professor  Jesse  E.  Pope,  Universty  pf  Miasoim. 

SECTIOH  B.    TRARSPORTATIOH.    (IfaU  10.  Stptember  23,  10  o.  m.) 

Chair^lvn:     I*rok£ssor  J.  La^'rence  Ladqhlui,  Univeraity  of 

Chicago. 
Spkakers:     Pbofbssoh   Eugene  von  Phzuppovich,  Univerrity 

of  Vienna. 
Professor  WtLUAM  Z.  Riplet,  Harvard  Univermty. 
Skckstart:  3rlR.  Qeoroe  G.  Tunell.  Chicago. 


SPEAKERS  Am>  CHAIRilEN  7t 

(Hall   10,    September    24, 


SBCTIOIT  C.    COMMERCE  AKD  EXCBAIIGE. 

10  a.  Ml.) 

Chairman: 
SpeaK£H8: 


Secretary: 

SECnOK  D. 
Chairuan: 

Speakers: 


Professor  E.  D.  Jones,  University  of  Michigan. 
PKorEbSQK  Carl  Fleun,  University  of  C&lifornia. 


Sbcbbtabt: 

section  e. 

Chajruan: 
Speakers: 


SECRETAnY: 

noB  p. 
Cbairmax: 

Speakers: 


Secretary: 


MOIfEY  AND  CREDIT.    (HaU  S.  SepUrtnber  24.  3  p.  m.) 

Mr.  B.  E.  Walker,  CaDadian   Bank  of  Commerce, 

Toronto. 
Mk.  IloKACE  White,  Kew  York  City. 
Professor  J.  Lawrence   Lauokmn,  XJnivenuty  of 

Ctuoago. 
Professoh  John  CcuuintiS,  Univeruty  of  Chicago, 

PUBLIC  FINANCE.    {Hail  1,  SepUmber  21.  10  a.  in.) 

Professor  Henry  C.  Arams,  University  of  Michigan. 
PHOFKSSOR  Edwin  R.  A.  SKUuM-iN,  Columbia  Uni- 
veraty. 

ntSlTRANCE.    UlaU  10,  SfpOfmber  21,  3  p.  m.) 

Dr.  Emory  McCuntock,  Actuary,  Mutual  Life  In 
aurance  Company,  New  York. 

Mr.  Frederick  L.  Hopf-man,  Statistician,  Prudential 
Insurance  Company,  Newark. 

pEOFESSOB  Baltba&ar  U.  Meyea,  University  of  Wis- 
consin. 


DIVISION  F  — SOCUL  REGULATION 

iBaU  2,  September  20,  10  d.  m.) 

Spbakcr:       Professor  Abbott  L.  Lowell,  Harvard  University. 


DEPARTMENT  20  — POLITICS 

(tfaU  2,  September  30,  3  p.  m.) 

rAiRMAs: 

Speakers:     Professor  William  A.  Donning,  Columbia  Univers- 
ity. 
CnANCELLOR  £.  Brnjamin  Axdrbvs,  University  of 
Nebraska. 

Actions  a  and  c.    poutical  theory  and  national  adminis- 
tration.   Uidii  15,  Sfplfmbrr  2 J,  3  p.  m.) 

Chaidman: 

Speakers;     pROPKfwoR  W.  W.  Willoughby,  Johns  Hopkins  L'dj- 

ver«ity. 
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Secbetart: 

SECTIOn  B. 

Ctiaihman: 

8peak£bs: 

S&cbbtabt: 
section  d. 

Chaibmah: 

Speakeas: 

Secretary: 
SECTION  E. 

Chairman: 

SPEAKKR&: 

Secbbtabt : 


PRorBssoR  George  G.  Wilson,  Brown  University. 
Right  Hon.  Jame:s  Brtce,  London,  England. 
Eht.  Charles  E.  Merriau,  University  of  Chicago. 

DIPLOHACY.    {Hall  1,  SepUntm-  23.  3  p.  m.) 

Honorable  John  W.  Fobter,  Ex-Secretary  of  State. 
Honorable  Davjd  Jatne  Hiu.,  Miniater  of  the  United 
States  to  Switzerland. 


COLOniAt.    ADBSDTISTRATIOR.      {Hall    4,    StfUmbtr    24, 
10  a.  m.) 

Pbopessor  Harry  P.  Jdbson,  University  of  Chio^o. 
I^FEsaoB  Bernard  J.  MosBS,Univcr8ity  of  California. 
Professor  Paul  S.  RsiNacH,  University  of  Wisconain. 


UimiCIPAL  ADMUnSTRATIOn.      {Hott  15.  SepUmbtr  24. 
3  p.  «.) 

Mk.  Albert  Shaw,  Editor  American  Monthly  Review 

of  HeviewB. 
SliBS  Jane  Addaub,  Hull  House,  Chicago. 
Professor  John  A.  Fairue,  University  of  Michigan. 


DEPARTMENT  21  —JURISPRUDENCE 
(ffoK  3,  Sfptembrr  20,  4. IS  p.  m.) 

Cuaibuam:    pROFKS3oa  George  W.  Kibchwby,    Columbia    Uni- 
versity. 

Speakebb:     President  Charles  W.  Ncedbam,  Columbian  Uni- 
veraity,  Waehiiigton. 
PnoFEseoB  JosKPH  H,  Beale,  Harvard  University. 

SECTION  A.    DTTERNATIONAL  LAW.    {BoU  14.  Septfmlm-  S3,  10  «.  m.) 

Chairuan:     Professor  James  B.  Scott,  Columbia  Univeiaty. 
Speakbbs:     Professor  H.  LaFontaine,  Member  of  the  Senate, 
Brussels,  Belgium. 
Professor  Charles  Noble  Gbbgobt,  University  of 

Iowa. 
Cou.VT  Albert  Apponyi,  Hungary. 
Secretary:  Dr.  W.  C.  Dennis,  Ldand  Stanford  Jr.  Univeni^. 

SECnOR  B.    CONSnnrnONAL  LAW.   (Haau.SepUnAerZi.lOa.m.'i 

Chairman:    Professor    Henry    St.    Grohoe    Tucker,    Geo:;gc 

Washington  Univeraity,  Washington. 
Speakers:     Sionor  Attiuo  Brunialti,  Councilor  of  State,  Rome. 

Profrssor  John  W.  Burgess,  Columbia  Univeraity. 

PBOFKSftoB  FebdikandLlABKaddk,  University  of  Paris. 
Secretary: 
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SBCTTOn  C.    PRIVATE  LAW.    (HaU  14,  SepUmUr  23,  3  p.  m.) 

Chaijiman:     PjioPBssoR  James  B.  Ain»,  Dean,  Harvard  Law  School. 
BffLtKKK.s:     PituKESBOH  Ehnbt  Fbbtind,  Umveinty  of  ducsgo. 

Honorable  Edward  B.  WiiiTKry,  ^Icw  York. 
Secsetart:  Dean  Wtlliam  Draper  Lewis,  Uoivereity  of  Peno- 

sylvania. 


Cbaibman: 

gpEAKXBS: 


sxcnoN  A. 

Chairuan: 
Sp£AKUia: 


DEPARTMENT  22— SOCIAL  SCIENCE 

IHaU  1.  Seft^mtm-  20.  2  p.  in.) 

Mr.  Walter  L.  Sheldon,  Ethical  Society,  St.  Louis. 
pRorESSOR  Fr-ijx  Adlkr,  Columbia  University. 
PROFEasoR    Grahau    Tatlor,    Chicago    Theological 
Seminary. 

THE  FAMILY.    (Hail  6,  SepUmtw  2t,  10  a.  n.) 

I*rofe88or  Samuel  G.  Smith,  Univereity  of  Minnesota. 
Dr.  Samitel  W.  Dike,  Aubumdale,  Mass. 
PBOFEcasoB  George  Elliott  Howard,  Umveraity  of 
Nebraska. 


Secbctaby : 
SECnOR  B. 
Chairuan: 


TBS  RURAL  COMMCmiTT.    (Hall  6.  5«7)fem»«r  21,  3  p.  m.) 

Hon.  Aaron  Joveb,  Maatcr  of  National  Grange,  South 
Bend, Ind. 
Speakers:     Professor  Max  Weber,  Univeraity  of  Heidelberg. 

President  Kenton  L.   Buttekfield,  Khode  Island 
StaU>  Agricultural  College. 
Secrrtaey:  Professor  William  Hill,  Unlveruty  of  Chicago. 

SECTION  C.    THE  URBAN  COHHUNITT,    {HaU  5,  SepUmbtr  22,  10  a.  m.) 

Chairuan: 

Sp£a££B8:     Professor  T.  Jastrow,  University  of  Berlin. 

Professor  Louis  Wdabin,  UniverBity  of  Geneva. 
Secretary; 


SBCnOR  D. 
Chairman  : 
Speaxers: 

Secretary: 
SECTION  E. 

Chairman: 

Speareas: 


Sicbetart: 

SBCnON  p. 

Chairman: 
SrsAjtSE: 

BaCSETABY: 


THE  INDUSTRIAL  GROUP.     {UaU  U,  StpUmbtr  22,  S  p.  m.) 

Professor  Werner  Sohbart,  Umveraity  of  Breslan. 
Professor  Richard  T.  Ely,  Univereity  of  Wisconnn. 
Professor  Thomas  S.  Adams,  Madison,  Wis. 

THE  DEPENDENT  GROUP.    {Baa  6,  StpUmbtr  23. 10  a.  m.) 

Mr.  Robert  W.  DeFohest,  New  York  City. 
Professor  Charles   R.  Henderson,  University  of 

Chicago. 
Dr.  Emil    MtiNBTERBERa,    President   City  Charities, 

Berlin. 


THE  CRUINAL  GROUP.    {HaU  5,  Stpttn^>«r  23,  8  p.  n.) 

Ma.  Frederick  H.  Wines,  Secretary  State  Charitiee 
Aid  Association,  Upper  Montclair,  N.  J. 


^^^^^7^^^^ 

^SPEAKE^^N^HAmi^^^^^^^^^B 

^^m 

DIVISION  G  — SOaAL  CVLTUHE                   ^H 

^^^^v 

(Hail  S,  September  20,  10  a.  m.)                                  ^^H 

^^^^^^      Spbaceb: 

Honorable  Wiluam  T.  Harris,  UDited  States  Com-     H 

^B 

musioner  of  Education.                                                  fl 

^H 

DEPARTMENT  23  —  EDUCATION                         ^H 

^^^B 

{Bail  2,  September  20,  4.15  p.  m.)                                ^^M 

^^^t            Chairuan: 

H^l 

^^^B            Spka  kebs  : 

Pbbbident  Arthur  T.  Hadley,  Yale  University.       ^^H 

^^1 

The  Right  Rev,  John  L.  Spalding,  Bishop  of  Peoria.     H 

^^H              SECTIOn 

EDUCATIORAI,    THEORY.    (ItaU  12,  Stjftember  24.  3  p.  m.)      1 

^^^H            Chairuan: 

Professor  Chables  DeGahmo,  Cornell  L-nivePMly.         1 

^^^H            Spea  k£R8  : 

PROPESSOR  WiLHELM  Rein,  University  of  Jena.                ■ 

^^H 

i'^OFcasoH  KuiEa  £.  Brown,  University  of  Califor-     H 

^^^H            Secbetakt 

Ilia.                                                                                 ^M 
Dr.  G.  M.  Wbittlb,  Cornell  University.                   ^^fl 

^^H          sEcnon 

THE  SCHOOL.     (.HaU  12.  BepUnbtr  23,  10  a.  m.)                  " 

^^^H            Chaibma  n 

Dr.  F.  Louis  Soldan,  Superintendent  Public  Schoob, 

^^^H 

St.  liouis. 

^^^H            Spkakerb: 

Dr.  Micitakl  E.  Sadlp.r,  University  of  Manchester. 

^^^^B 

Dr.  Wiluam  H.  Maxwell,    Superintendent    Public 

^^^B 

SchooU,  New  York  City. 

^^^H            Seceetabv: 

PBurEBsoK  A.  S.  Lahuspokf,  Washington  Univers- 

^^H 

ity. 

^^H          SEcnon 

THE  COLLEGE.     {HaU  12,  S^pUmbvr  23,  3  p.  m.) 

^^^H            Ch-vibuan: 

Phebident  W.  8.  Chapun,  Washington  Univcraity. 

^^^H            Spbakhrh: 

Pkfsidbnt  Wiluam  DeWitt  Hyde,  Bowdoin  Collpge. 

^^^^1 

President  M.  Caret  Thomas,  Bryn  MawT  Colle^. 

^^^H            Sgcqetaby 

:   PsoPEaaoR  H.  II.  Horne,  Dartmouth  College. 

^^H              SECTION 

THIt  UNIVERSITY.    (HoU  13,  September  24,  10  a.  m.) 

^^^1            Chairman: 

^1 

^^^H            SPEAKEna: 

pROPBsaoR  C.  Ckabot,  Univerwty  of  Lyons.             ^^^B 

^^^^1 

Profe^^r  Edward  Delavan  Perry,  Columbia  Uni-    ■ 

^^^H 

versxty.                                                                           H 

^^^1            Secbctaby: 

J 

^^^1              SBCllON  B. 

THE  LmRARY.    (HaU  12,  Sepltmber  22,  3  p.  m.)                 ^^| 

^^^H            CiiAiauAN : 

Mr.  Fhedrhick  M.    Crcnden,  Librarian    St.  Louis 

^^^^B 

Public  Library.                                                               h 

^^^H                  SPEARE318: 

Mr.  Williau  A.  E.  Axon,  Manchester,  EriKlnnd.           H 

^^^^m 

Proppssob  Ccido  Biaoi,  Royal  TJbrarian,  J'torcnce.      H 

^^^^L^       Secretary: 

;  Ma.  C.  P.  PiTTC'B,  WaahingtoD  Univecsity.                ^^H 
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Chair  uan: 
Speakehb: 


SECTION  A. 

Cbaibuan*. 

Speakers: 

Secretary: 
SECTION  B. 

Chaxkuan: 
Spkakbbs: 

Secsetart: 

section  c. 
Chairuan  : 

Speakers: 
Secretart: 

SECTION  D. 

Chairman: 
Speakers: 

Sbcsstart: 

SECTION  E. 

Chairman: 
Spiukers: 

Sbcbbtart: 


DEPARTMENT  24  —  REUGION 

(Sail  4.  Stpttmbwr  20.  4.1&  p.  n.) 

Bishop  John  H.  Vincent,  Chautauqua,  N.  Y. 
PREHtDENT  Henky  C.  Kinq,  Obcrlin  College. 
Professor  Francis  G.  Peabodt,  Harvard  ITniverdty. 

GEKERAL  RELIGIOUS  EDUCATION.    [BaU  11,  Swftmlbtr 

24,  3  p.  m.) 

Professor  Eowin  D.  Starbuce,  Barlham  College, 
lUcbniond,  Iiid. 

PRorEsBOR  George  A.  Cos,  Northwestern  Univers- 
ity. 

Dr.  Waxtek  L.  Hebvev,  Examiner  Board  of  Education, 
New  York  Oty. 

PROFESSIONAL  RELIGIOUS  EDUCATION.  {HaU  I,  Sep- 
tamber  22,  3  p.  m.) 

Fresidknt  Charles  CcraBBST  Hall,  Union  Theo- 
logical Seminary. 

PRoFKftsoH  PiLiNK  K.  Sahders,  YeIc  University. 

Professor  Herbert  L.  Willett,  Disciples  Di^^nity 
House,  Chicago,  III. 

RELIGIOUS  AGENCIES.    iRatl  16,  SepUmber  23,  3  p.  m.) 

President  Edgar  G.  Muluks,  Southern  Baptist 
Theological  Seminary,  Louisville,  Ky. 

Rev.  Waishingixin  Gladden,  Columbus,  Ohio. 

Rev.  James  M.  Buckley,  Editor  The  Christian  Ad- 
vocate, New  York. 

Dr.  Ira  Landrftr,  General  Secretary  Religious  Edu- 
cation Association,  Chicago,  111. 

RELIGIOUS  WOR£.    (.HaU  i,  Stpttmber  2i,  Z  p.  m.) 

Rt.  Rev.  Thomas  F.  Gaiu)r,  Memphis. 

Rev.  Floyd  W.  Toukins,  Church  of  the  Holy  Trinity, 

Philadelphia. 
Rev.    Henry    C.    Madie,    Corresponding   Secretary 

American  Baptist  Missionary  Umon. 


RELIGIOUS  INFLUENCE:  PERSONAL.    {F**tival  HaU.  Sej^ 
t«inher  25,  10  a.  m.) 

Chancellor  J.  H.  Kirkiand,  Vanderbilt  Univeraty. 
Rev.  Hugh  Black,  Edinburgh,  Scotland. 
Professor  John  E.  McFaoyen,  Knox  College. 
Rev.  Samuel  Euot,  Boston,  Mass. 
Rev.  Edward  B.  Pollard,  Georgetown,  Ky. 
Professor  Clydb  W.  Votaw,  University  of  Chicago. 
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SSCnOll  F.    REUOIOUS  nrFLOBHCB:  SOCIAL.    (.FetHval  Hatt,  SepUm- 

hertb.Z  p.  M.) 
Chaibuak:    Bb.  J.  H.  Gabriboh,  St.  Louis. 
Sphakebb:     Fbbbidxnt  Jobbph  Swain,  Swarthmore  CoU^;e. 
Dr.  EioL  O.  HniacH,  CSnoago,  HI. 
PsovEflBOB  Edwabd  C.  Moobe,  Harvard  University. 
Dr.  Jobiah  SisoNO,  League  for  Social  Service,  New 
York. 
Szcbetabt:  Pboj-essob  Gltdi  W.  Votaw,  Univenity  of  Chieago. 


CHRONOLOGICAL  ORDER  OF  PROCEEDINGS 


UOmtAT,  SBPTEl^CK  IB. 

3  P.  M.  Oponing  exorcises  of  the  CoQgrcse.  Festival  Hall  (Hall  17). 

The  Congress  will  he  called  to  order  by  the  Director  of  Congreaaes, 
who  will  introduce  the  President  of  the  Exposition. 

Welcoming  addresses  will  be  delivered  by  the  President  of  the 
Expoation  and  other  officials. 

A  reply  to  those  addresses  of  welcome  will  be  made  on  behalf  of  the 
Congress  by  the  Honorary  Vice-President  tor  Great  Britain. 

The  Chairman  of  the  Administrative  Board  will  give  an  account  of 
the  origin  and  purpose  of  the  Coogress. 

The  President  of  the  Congress  will  then  be  introduced  and  wilt 
deliver  an  introductory  address,  after  which  adjournment  will  follow. 


TUEaOAT,   SEFT&UBEB   20. 

10.00  A.  u.   Meetings  of  the  seven  Divisions.   The  Divisional  ad- 
dresses will  be  given  as  follows :  — 

Hall 

Hall 


1,  Utilitarian  Sciences. 

2,  Social  Regulation. 

3,  Historical  Science. 

4,  Physical  Science. 


H&U  5,  Social  Culture. 
Halt  6,  Normative  Science. 
Hall  7,  Mental  Science. 


12.15  to  6.00  p.  u.  Meetings  of  the  Departments,  with  addresses:  — 


p         Meeting  at  11.15  a.  u. 

Meeting  at  2  p.  v. 

DEPABTMENTS. 

DEPABTMENTB. 

Hall  1,  Economics. 

Hall  1,  Social  Science. 

Hall  2,  Biolog}-. 

Hall  2,  Politics. 

HoQ  3,  Sciences  of  the  Earth. 

Hall  3,  Technology. 

Hali  4,  Political  History. 

Hall  4,  History  of  Language. 

Hall  5,  History  of  L&w, 

Hall  5,  History  of  Religion. 

Hall  6,  Philosophy. 

Hall  6,  Physics. 

Hall  7,  Psychology. 

Hall  8,  History  of  Art. 

fiiil  8,  Anthropology. 

Adjournment  at  1  p.  u. 

Adjournment  at  3.45  p.  u. 
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Meeting  at  4.15  p.  a. 

DEPABTMBNTS. 

Hall  1,  Medicine.  Hall  5,  Choziistiy. 

Hall  2,  EducatioQ.  Hall  6,  Hjstoiy  of  Literature. 

Hall  3,  Juriapnidence.  Hall  7,  Sociology. 

Hall  4,  Rdigion.  Hall  8,  Astronomy. 

Adjourmnent  at  6.  p.  u. 

On  the  four  daya  following,  the  Sectional  meetings  will  be  heJd. 
Tbe  duration  of  each  session  will  be  three  houn.  The  moniing  aes- 
aions  will  extend  from  10  a.  u.  until  1  p.  m.;  the  afternoon  sessions 
from  3  p.  u.  to  6  p.  u. 

The  meetings  of  some  of  the  religious  sections  will  be  held  on 
Sunday,  September  25,  in  Festival  Hall.  Further  announcements 
concerning  these  Sunday  Meetings  will  be  made  in  Registration  Hall, 
in  the  daily  press  of  St.  Louis,  and  in  the  World's  Fair  Official  Pro- 
gramme. 


WEDNBSDAT.   SEPTEMBBat  31. 


Meeting  at  10  a.  h. 

1,  Public  Finance. 

2,  Animal  Morphology. 

3,  History  of  Greece,  Rome, 
and  Asia. 

4,  Comparative  Language. 

5,  The  Family. 

6,  Metaphysics. 

7,  Otology    and    Laryngo- 
logy. 

S,  Slavic  Literature. 

9,  Astromctrj", 
Hall  10,  Civil  Engineering. 
Hall  11,  History  of  Common  Law. 
Hall  12,  Physiography. 
Hall  13,  Public  Health. 
Hall  14,  Geophysics. 
Hall  15,  Social  Structure. 
Han  16,  Inorgaoie  Chemistry. 
Adjournment  at  1  p.  ic 


Hall 
Hall 

HaU 

Hall 
Hall 
Hall 
Hall 

HaU 

HaU 


Meeting  at  3  p.  m. 
Hall    1,  Philosophy  of  Religion. 
Hall    2,  Phylogcny. 
HaU    3,  Cla^ical  Literature. 
Hall    4,  Semitic  Languages. 
HaU    5,  The  Rural  ConimuDity. 
Hall    6,  Medieval  History. 
Hall    7,  Pediatrics. 
Hall    8,  Oceanography. 
Hall    9,  Astrophysics. 
HaU  10,  Insurance. 
Hall  11,  HistoF)'  of  Roman  Law. 
HaU  13,  Preventive  Medicine. 
HaU  14,  Geology. 
HaU  16,  Organic  Chemistry. 
Adjournment  at  6  p.  u. 


Immediately  foUowing  the  Section  of  Geophysics  in  the  morning, 
and  the  Section  of  Geology  in  the  afternoon,  in  Room  14,  the  Eighth 
International  Geographic  Gongraas  wiU  hold  sesmons  id  the  same 
toom,  HaU  H,  Mines  and  MetaUurgy  Building. 
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^^^^^^L                                   THimSDAT,    9EFTKUBER  22.                                                              ^^^| 

^M               Meeting  at  10  a.  m. 

Meeting  at  3  p.  m.                      ^^H 

^B     HaU    1,  EriglUh  Literature. 

HaU    1,  Professional  KeUgious               ^^H 

H     HaU    2,  Plant  Morphology. 

Education.                              ^^H 

^m     Hall    3,  Modern  History  of  Eu- 

HaU   2,  Human  Anatomy.                      ^^H 

^M                      rope. 

HaU   3,  Greek  Language.                        ^^H 

H     Hall    4>  Old  Teetament. 

HaU   4,  Plant  Physiology.                      ^^M 

^M     HaU    5,  Tlie  Urban  Community. 

HaU    5,  Physics  of  the  Electron.             ^^H 

H      Hail    6,  Logic. 

HaU   6,  Methodology  of  Science.            ^^^| 

H      HaU    7,  Psychiatry. 

HaU    7,  Modem  Architecture.                 ^^H 

^M      Hall    8,  Ind^Iranian  Languagee. 

HaU   8,  Romance  Literature.                  ^^H 

^M     HaU    9,  Algebra  and  Analysts. 

Hall   9,  Petrology  and  Mineral-            ^^H 

^M     HaU  10,  Cosmical  Physics. 

^^M 

^M      HaU  11,  Paleontology. 

HaU  10,  Electrical  Engineering.                ^^^| 

H      HaU  12,  Qii^cal  Art. 

Hall  11,  Geography.                                   ^^H 

H      HaU  13,  Pathology. 

HaU  12,  The  Library.                              ^^M 

^1      HaU  14,  International  Law. 

Hall  13,  Neiimlogy.                                    ^^M 

^M      HaU  15,  Economic  Theor)'. 

BaU  14,  The  Industrial  Group.               ^^B 

^^     HaU  16,  Phy-iical  Cheniintr)-. 

Hall  15,  Political  Theory  and  Na-           ^^H 

^B             Adjournment  at  1  p.  m. 

tional  Administration.           ^^^| 

HaU  16,  Physiological  Chemistry.           ^^H 

Adjournment  at  6  p.  u.                   ^^^| 

^^^^^^m                                      FRIDAY,   8EFTKUBER   23.                                                                  ^^H 

^^^P        Meeting  at  10  a.  u. 

Meeting  at  3  p.  m.                          ^^H 

^^^HaJl    1,  New  Testament. 

HaU    1,  Diplomacy.                                ^^H 

^K      HaU   2,  Experimental      Psycho- 

Hall    2,  History  of  Economic  In-           ^^H 

H             iog>'. 

Btitutions.                                 ^^H 

^V      HaU    3,  Germanic  Literature. 

Hall    3,  English  Language.                     ^^H 

^M      Hall    4,  Physiology. 

HaU    4,  i€sthetic8.                                  ^^M 

^M      HaU    5,  The  Dependent  Group. 

HaU   5,  The  Criminal  Group,                  ^^| 

H       HaU    6,  Ethics. 

HaU    6,  General  Psychology.                  ^^H 

H      Hall    7,  Plant  Pathology. 

HaU    7,  Ecoiog>'.                                       ^^M 

^H      HaU   S,  Brahmanism  and  Buddh- 

HaU    S,  Mohammodism.                           ^^^| 

^H                         inm. 

Hall    9,  Embryology.                               ^^^| 

^B     HaU   0,  Latin  Language. 

HaU  10,  Mechanical  Enginceriog.           ^^^| 

^m      HaU  10,  Transportation. 

Hall  11,  Physics  of  Ether.                      ^^M 

"       HaU  11,  Phj-sics  of  Matter. 

HaU  12,  The  College.                                 ^^M 

HaU  12,  The  School. 

HaU  13,  Infernal  Medicine.                     ^^H 

HaU  13,  Surgery. 

HaU  14,  Private  Law.                             ^^M 

^H      Hall  15,  Social  Psychology. 

Hall  15,  Religious  Agencies,                     ^^H 

^M      HaU  16,  Technical  Chemistry. 

Hall  16,  Somatology.                                ^^H 

^^^         Adjournment  at  I  p.  m. 

Adjournment  at  6  p.  u.                  ^^^M 

^^^^80 

cSoN^loGICA^^D^^^raOCEEDING^^^^B 

SATUBDAT,   SBpmfBER  24.                                                ^^H 

Meeting  at  10  a.  m. 

Meeting  at  3  P.  K.                ^^H 

^^B 

1,  Hifltory  of  America. 

Hall    1,  Religious  Work.              ^^B 

^^H 

2,  History  of  the  Christian 

Hall    2,  Comparative  Anatomy,        H 

Church. 

Hall    3,  Germanic  Languages.            ■ 

^^m 

3,  BeUee-Lettr«e. 

Hall    4,  Modem  Painting.            ^^^M 

^^m          Hall 

4,  Colonial  Administration. 

Hall    5,  Money  and  Credit.          ^^^| 

^^H           Hall 

6,  Romance  Languages. 

Hall    6,  Abnormal  Psychology.     ^^H 

^^B 

6,  Comparative  and  Gene- 

Hall   7,  Applied  Mathematics.            H 

tic  Psychology. 

Hall    S,  Tndo-Iranian  Literature.  ^^M 

^^H 

7,  Ophthalmology. 

Hall  10,  AgrieuUure.                    ^^H 

^^m           Hal! 

8,  History  of  Ana. 

9,  Geometry. 

Hall  11, *^^ 

Hall  12,  Educational  Theory.        ^J 

^^^H           Hall  10,  Commerce  and  Kxchange. 

Hall  13,  Therapeutics  end  Phar-^^| 

^^^H            Hall  11,  Mining  Engineering. 

macology.                   ^^^^ 

^^H           Hall  12,  The  University. 

Hall  14,  Comparative  Law.         ^^H 

^^^^B           Hall  13,  Gyneooki^. 

Hall  15,  Municipal  Administm-  ^^| 

^^^H           Hall  14,  Constitutional  Law. 

tion.                              ^^^H 

^^^H           Hall  15,  Bacteriology. 

Hall  IS,  Ethnology.                     ^^H 

^^^H           Hall  16,  Archa?o!ogy. 

Adjournment  ^t  6  P.  ir.       ^^^| 

Adjournment  at  1  p.  h. 

^1 

SUTTOAT,  BEFTEUBEB  25.                                                   ^^H 

Fe$tival  HalL                                           ^^ 

Ibetl^  at  10  A.  M. 

Meeting  at  3  P.  u.           ^^H 

^^^B          Religious  Influence:  Personal. 

Religious  Influence :  Social.       ^^H 

PROGRAMME  OF  SOCIAL  EVENTS 


Monday  Eveninq,  Skptembeb  19.  —  Grand  Fete  oight  in  honor 

the  Congress  of  Arts  and  Science.  Special  illuminations  about  the 
'Grand  Bamn.    Lagoon  fete. 

Banquet  by  the  St.  Louis  Chemical  Society,  at  the  Southern  Hotel, 
to  the  members  of  the  Chemical  Sectione. 

TuEsiiAY  KvBNiNG,  SEPTEMBER  20.  —  General  Reception  by 
Board  of  Lady  Managers  to  the  officers  and  speakers  uf  the  Congress 
and  officials  of  the  Exposition. 

Wednesday  Afternoon,  September  21. — Garden  fele  to  be 
^ven  to  the  menibi-rs  of  the  Congress  of  Arts  and  Hcicnce^  at  the 
French  Pavilion,  by  the  Commissiouer-General  from  France. 

Wednesday  Evening.  Septbmber  21.  —  General  reception  by  the 
German  Imperial  Cunimissioncr-Oeneral  to  the  members  of  the  Con- 
greaa  or  Arts  and  Science,  at  the  German  State  House. 

l^URSDAY  EvBNiNO.  —  Shaw  banquet  at  the  Buckingham  Club  to 
the  foreign  delegates. 

Friday  Evening,  September  23. — General  banquet  to  the 
speakers  and  officials  of  the  Congress  of  ArtA  and  Science  In  the 
bfluiquet-hall  uf  the  Tyrolean  Atpn.   S  p.  m. 

Saturday  Evening,  Sfptemher  24.  —  Banquet  at  St.  Louis  Club 
)y  Round  Table  of  St.  Urns,  to  the  foreign  memlierB  of  the  Congrees. 

Banquet  given  by  Imperial  Commissioner-General  from  Japan  to 
tfae  JapancKe  delegation  to  the  Congress  and  Exposition  officials. 

Dinner  given  by  Commiiwioner-General  from  Great  Britain  to  the 
English  members  of  the  Congress. 


^^^^V      AT,?UA»ETICAL  LIST  OF  MEMBERS        ^| 

^^^^K      WHO   MADE 

10-MINUTE  ADDRESSES        ^M 

^^^^^^f        The  fuUowing  list  diffcn  from  the  original  pn^ammc,  in  that  it      | 

^^^^^^^      oontaina  the  namts  only 

of  those  who  actually  read  addresses.   It       H 

^^^^1            WBS  planned  that  each  Section  should  meet  for  three  hours.   When       H 

^^^H           autliora  of  tcn-minutc  papers  were  not  present ,  and  where  not  enouji^h      H 

^^^H            of  tlicse  tthorter  papers  were  offered  to  Ell  out  the  time,  the  Chairmeo       | 

^^^H            invit-oil  diacus&ions  from  the  floor  until  the  time 

was  filled.                       ■ 

^^^B             Profanor  R.  Q.  Aitkra 

Lick  Observatory 

Astronomy                   ^^^^ 

^^^^1              3axar»  W.  Alexander,  E«q. 

New  York  City 

Insurance                   ^^^H 

^^^^^M              Vndmek  Almy 

Buffalo,  N.  Y. 

Socijil  Science              ^^^^| 

^^^^^1               Frofeosor  S.  0.  Aslimore 

Union  College 

Latin  Lanxnafl^          ^^^H 

^^^^1             Profoiur  L.  A.  Bauer 

Camcgie  Iiutitut* 

Coeniieal  Fhyaiai        ^^H 

^^^^H             Dr.  Marcus  Benjamin 

National  Hnaeum 

Technical  Chemiatry         ^| 

^^B             Proffwor  H.  T.  niiclcfoldt 

1.4-lan(l  Stiuiford  TTniv. 

Geometry                   ^^^H 

^^^^H               Profeasor  Ernest  W.  Brown 

Ilavcrford  College 

Lunar  Thforj-             ^^^H 

^^^^1               Dr.  Henry  Dickaon  Bruos 

New  Drieiuw 

Municipal  Adxniniatra-       ^M 

tion                                   ^1 

Physical  Chemistry           ^M 

^^^^B              Dr.  F.  K.  Caroenm 

Dep't  of  Ajtncuhure 

^^^H              R«u--Adnurul  C.  U.  ClHMtur, 

United    States    Naval 

Astranomy                 ^^^^H 

^^H 

Ohservaiory 

^^^M 

^^H                U.  H.  Cnayton,  Eaq. 

Blue  Hill  Obaerratory 

Coemical  Phy«l<«       ^^^| 

^^^H                ProfMHor  CharlcM  A.  Coffin 

New  York  Qty 

Modem  Plunting         ^^^H 

^^^^ft               Dr.  Q«oTB«  CorooilM 

Atlie<ns,  Grwfci? 

Till  n^rpiilosi*                 ^^^B 

^^^H              ProfeeBor  J.  E.  Denton 

Sterena  Institute 

Mechanical    Engineer-      H 
ing                               ■ 

^^^H              FnfwKir  L.  W,  Dowltng 

Univ.  of  Wisconsin 

Gmmetiy                    ^^^B 

^^^H              PraifcaBnr  FT.  C.  Klmer 

C^mdl  Univ. 

]^tin  Languas^         ^^^M 

^^^^B              Profeaaor  A,  Fjnch 

Univ.  of  CV>IonHlo 

GeomcUy                     ^^^H 

^^^H              Profeasor  H.  R.  Faoclougb 

L«l»nd  St«nfonl  Untr. 

Classical  literature           ■ 

^^^H               PnfeHKT  W.  S-  FergUMMi 

Univ.  of  Califomin 

Hwtory     of     QrevOe,      ■ 

^^^^^H 

SUptne,  and  Aaa             H 

^^^H              Dr.  Carlos  llnley 

Havana 

Faihtikigy                         ^M 

^^H              Dr.  C.  K.  Fbtk 

Centrnlia,  ID. 

History  of  America           ^M 

^^^^1              Romer  FotkB,  Eaq. 

New  York  City 

Social  Sci«nce                    ■ 

^^^B              ProrMur  F.  C.  French 

Univ.  of  Nebnuka 

Philosophy  of  Heligioci       H 

^^^H              U.  L.  Giumt.  Eaq. 

Selienectady,  N.  Y. 

Mrctioinical    Enpnaer-       ^M 

lag                                 H 

^^^B              Dr.  F  P.  Gorliun 

Brown  Uuiv. 

Bactcrkilacy                     ^| 

^^^^H              I^ofcflpor  Evarti  B.  Qnenc 

Univ.  of  Illlnola 

Hlstnry  of  America          ^M 

^^^H             Staoflbary  Hi«ar,  Esq. 

Brooklyn.  N.  Y. 

EU)Dol(«y                       ■ 

^^^H             J.  D.  Hi^uft,  Esq. 

Xew  York  Ci^ 

Mining  Engioeering          ^M 

^^^^^MEMBEU^WHO 

MAD^^MINUT^PEECrf^^^^^^^l 

^       ProfettorG.  B.  Halal^ful 

KcnyoD  College 

CMMnetry                                    ^^^H 

^B        Pjt>rca»nr  A.  D.  F.  Hiuulm 

Columbia  Unir. 

Esthetics                                 ^^^H 

^H       IVofieaBor  U.  Hiuioook 

Uoiv.  of  CinoUmati 

Geometiy                                 ^^^| 

^H       Profcawr  J.  A-  Harris 

St.  Louta,  Mo. 

Plant  Morphology                    ^^^H 

■       Pwfamr  M.  W.  Ujukell 

Univ.  of  CuJifaniia 

Algebra  and  Analy^               ^^^H 

^M       PrDfegoDr  J.  T.  HatSetd 

NoTthweatem  Univ. 

Gennanic  language                   ^^^H 

^m       lYofc«or  E.  C.  Hayca 

Miami  UniT. 

8octal  P.<iychot(^                      ^^^H 

■        Pmfnmr  W.  IC.  Ufidvl 

Iowa  Colleig* 

GnspJc  r..snguage                            ^^^^| 

H        TH  a  L.  Hmt^cIc 

Gmnville,  Ohio 

Neurolofcy                                    ^^^^| 

^H        I>r.  C-  JutboQ  Ilvrrick 

Urauvilie,  Ohio 

Animal  Morpbolagy                  ^^^| 

■       FroroBur  W.  U.  Uubbs 

Univ.  of  Wisoonsin 

Petrology  and  Mineral-             ^^^H 

^m      Profenw  A.  R.  Hohlfekl 

Univ.  of  WiaoooBln 

Germanic  literature                   ^^^H 

^1       ProfManr  H.  U.  Uom« 

Dartmouth  College 

Educatkinal  Tlieory                   ^^^^| 

^H       Dr.  E.  V.  Huntington 

Harvard  Uaiv. 

Algebra  and  Analysis                 ^^^^| 

^P       Dr.  Heid  Hunt 

U.  8.  Marine  Uos[»tAl 

Alcohol,  etc.                                 ^^^^1 

^        Dr.  J.  N.  Hurty 

Indianapolis,  lad. 

PubUe  Ha«lth                         ^^1 

^^        Profenor  J.  J.  Uutchinson 

Cumell  Univ. 

Algebra  and  Analysis               ^^^H 

^H       R«v.  Thnmos  E.  Judge 

Cadwli^:  Review  of  Rf- 

General  Religtoua  Edu-             ^^^H 

■ 

vlewa 

ration                                    ^^^H 

^H        Profi>9aor  L.  Kahlmbiirx 

Univ.  of  Wiacoiuin 

Fliysical  Chemistry                     ^^^^| 

^M        rTtifnwr  Albert  Q.  K«ll« 

Yale  Univenuty 

Municipal  Administra-              ^^^H 
Comparative  Anatomy              ^^^H 

^H       PnfoiBor  0«urgo  Lcfcvre 

Univ.  of  Miaaouri 

^1       President  Hetuy  C.  Kiog 

Oberlin  CoUe^o 

Education.  Tlie  College               ^^H 

^H        Dr.  In  Lnndritli 

Belmont  CoUi^ 

Religious  Agencies                      ^^^H 

^^       ProfflMor  M.  0.  Leanied 

Univ.  of  PmiHiylvania 

Qermanic  Litualure                   ^^^H 

Profnutor  A.  0.  Leuachiuit 

Univ.  of  Caliromia 

Axtrvnniiiy                                   ^^^^| 

^^       Dr.  E.  P.  Lyon 

St.  Louts  Univ. 

Pliysiology                                   ^^^H 

^H       Dr.  Duncsa  B.  MaodooaM 

Hartlonl     Tliuoki^cal 

Scuiinary 

Semitic  Languages                    ^^^H 

^H       ProfMAor  A.  MocPartane 

Chatham,  Ontario 

AppliMi  Mathematics                  ^^^H 

^H       Profnror  Jamca  Mo^lahon 

ComtJI  Univ. 

Applieil  Mathi-matica                  ^^^H 

H        Mr.  Etiwanl  UitDindcrotlt 

St.  Louia,  Mo. 

CliMiitfltry                                     ^^^H 

^H       Profeaaor  H.  P.  Manning 

Bnnni  Univ. 

Gr<iiupiry                                     ^^^^H 

■       Frofauor  G.  A.  Mitlcr 

Leland  Stanford  Univ. 

Algebra  and  Analyua.                 ^^^H 

'             Dr.  W.  C.  MilU 

Ohio  Stat4i  Unir. 

Ardisology                               ^^^H 

^^        VtofeeaoT  "W.  S.  Milnw 

Univ.  of  Toronto 

CUaHical  Literalare                  ^^^H 

^m       Profonr  P.  G.  Moora 

Dartmouth  College 

Claflffloil  Ltteratare                  ^^^H 

1^       Dr.  W.  P.  MoDtague 

Columbia  Univ. 

Motaphyfliea                                ^^^H 

Clarvnc*  B.  Hoore,  Eaq. 

Pbiladriphla 

Arcliasology.                                 ^^^^| 

1^       IVofeasor  F.  R.  MouUon 

Univ.  of  Chicago 

AMirunoniy.                                  ^^^^| 

^1       Dr.  J.  0.  Neodliam 

Lake  Forest  Univ. 

Aninkal  Morphology                    ^^^^| 

^H      PnfcflHU-  Alra.  T.  Onnond 

Princeton  Univ. 

Plkiloflophy  of  Rvlicion               ^^^H 

^H      Pnfeaur  Frederic  L.  Paxtan 

Univ.  of  Colorado 

Hiatwy  of  Amenca                   ^^^H 

^M      Dr.  Carl  PfiM«r 

St.    Mark's    HoeTwtAl, 

^^H 

^H 

New  York  City 

Surgery                                         ^^^H 

^1       Prefanor  M.  B.  Portur 

Univ.  of  Texaa 

Algebra  and  Analysis                 ^^^^| 

^M      Dr.  A.  J.  Reyoolda 

Chicago 

Public  Health                              ^^H 

^1       Proftwor  8.  P.  Sadtlcr 

Philaddphia  CoUese  of 

^^^1 

^" 

Pharmacy 

Technical  Chembtcy                  ^^^| 

1               Dr.  John  A.  Sampaon 

Albany.  N.  Y. 

Gynocology                              ^^^| 

^H       Onrald  Schreiner,  K»q. 

U.  S.  Dep't  of  Apwjl- 

^^H 

^^^ 

-  ture 

Chcmialiy                                     ^^^H 
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Rev.  Frank  Sewall 

Professor  H.  C.  Sheldon 

Profeeeor  Frank  C.  Sharp 
Frofewor  J.  B.  Shaw 
Profeeeor  W.  B.  Smith 
Profeeeor  Maraball  8.  Snow 
Profeeeor  Henry  Snyder 
Professor  Edwain  D.  Starbuck 

Professor  Qeorge  B.  Stewart 

John  M.  Stahl 
Profeeeor  J.  StiegUti 
Profeeeor  Robert  St«n 
Hr.  Teitaro  Suzuki 

Col.  T.  W.  Symonda,  tJ.  S.  A. 
Professor  TeisEder 
Judge  W.  R.  Thomas 
Profeeeor  O.  H.  Tittmaon 
Profeeeor  Alfred  M.  Toezer 
Dr.  Benjamin  F.  Truebk>od 
Profeeeor  Clyde  W.  Votaw 
Professor  John  B.  Watson 
Prcrfessor  H.  L.  Willett 

President  Hary  E.  WooUey 

H.  Zwaarddemaker 


Washington,  D.  C. 

Boston  Univ. 

Univ.  of  Wisoonsin 
Milliken  Unhr. 
Tulane  Univ. 
Washington  Univ. 
Univ.  of  Idinnesota 
Earlham  College 

Auburn   Theological 

Seminaiy 
Quincy,  HI. 
Univ.  of  Qiicago 
U.  S.  Geological  Survey 
La  Salle,  m. 

Washington,  D.  0. 
Lyons,  France 
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SCIENTlPKrPLAir^F   THE  CONGRESS 

BT  PROF.  HUGO  UONSTERBERO 


THE  PURPOSE  OF  THE  CONGRESS 

I.  The  CentraUzaiion  of  the  Congreaa 

The  history  of  the  OoDgreas  bM  been  told.  It  remains  to  set  forth  the 
principles  which  controlled  the  work  of  the  Congress  week,  and  thus 
scicntificaUy  to  introduce  the  scholarly  undertaking,  the  res\iUs  of 
which  ore  to  speak  for  themselves  in  the  eight  volumes  of  this  pub- 
lication. Yet  in  a  certain  way  this  scientific  introduction  lias  once 
more  to  use  the  language  of  history.  It  does  not  deal  with  the  ex- 
ternal development  of  the  Congress,  and  the  story  which  it  has  to  t^ 
is  thus  not  one  of  dates  and  names  and  events.  But  the  principles 
which  shaped  the  whole  undertaking  have  themselves  a  claim  to  his- 
torical treatment;  they  do  not  lie  before  us  simply  as  the  subject  for  a 
logical  disputation  or  as  a  plea  for  a  future  work.  That  was  the  situa- 
tion of  three  years  ago.  .^t  that  time  various  ideas  and  opposing 
principles  entered  into  the  arena  of  discussion;  but  now,  since  the 
work  is  completed,  the  question  can  be  only  of  what  principles,  right 
or  wrong,  have  really  determined  the  programme.  We  have  thus  to 
interpret  that  state  of  mind  out  of  which  the  purposes  and  the  scientific 
arrangement  of  the  Congress  resulted;  and  no  aftet^tliought  uf  to-day 
would  be  a  desirable  addition.  Whatever  possible  improvements  of 
the  plan  may  suggest  themselves  in  the  retrospect  can  be  given  only 
a  closing  word.  It  was  certainly  easy  to  leam  from  experience,  but 
first  the  experience  had  to  be  passed  through.  We  have  here  to  inters 
pret  Ibe  view  from  that  standpoint  from  wliich  the  experience  of  the 
Congress  was  still  a  matter  of  the  future,  and  of  an  uncertain  future 
indeed,  full  of  doubts  and  fears,  and  yet  full  of  hopes  and  possibilities. 
The  St.  Xxiuis  World's  Fair  promised,  through  the  vast  extent  of 
itB  grotmds,  through  the  beautiful  plans  of  the  buildings,  through  the 
eagerness  of  the  United  States,  through  the  participation  of  all  coua- 
txice  on  earth,  and  through  the  gigantic  outlines  of  the  internal  plans, 
to  become  the  most  monumental  expres-sion  of  the  energies  with 
whieh  the  twentieth  centur>'  entere<l  on  its  course.  Commeroe  and 
industry,  art  and  social  work,  poUtics  and  education,  war  and  peace, 
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country  and  city,  Orient  and  Occident,  were  all  to  he  focuHsrd  for 
a  few  summer  months  in  the  Ivor}'  city  of  the  Mississippi  Valley.  Ft 
seemed  most  natural  that  science  and  productive  ttcholarehip  nhould 
also  find  its  charaeteri^tic  place  among  the  factora  of  our  modem 
civilization.  Ofcoui-sr  the  scientist  had  hw  word  to  say  on  almost  every 
square  foot  of  the  Kxposition.  Whether  the  building  was  devoted  to 
electricity  or  to  chemistr)',  to  anthropology  or  to  metallurgy,  to  civic 
'  administration  or  to  medicine,  to  tranRpor1.Btion  or  to  industrial  arts, 
it  was  everywhere  the  work  of  the  scientist  which  was  to  win  the  tri- 
umph; and  the  Palace  of  Education,  the  first  in  any  universal  exposi- 
tion, was  to  combine  under  ite  roof  not  only  the  school  work  of  all 
countries,  but  the  visible  record  of  the  world's  universities  and  tech- 
nical schools  as  well.  And  yet  it  seemed  not  enough  to  gather  the 
pRKlucts  and  records  of  science  and  to  make  science  servo  with  it« 
tools  and  inventions.  Modem  art,  too,  was  to  reign  over  every  hall 
and  to  beautify  every  palace,  and  yet  demanded  its  own  unfolding  in 
the  galler>'  of  paintings  and  sculptures.  In  the  same  way  it  was  not 
enough  for  science  to  penetrate  a  hundred  exhibitions  and  turn  the 
wheels  in  every  hull,  but  it  must  also  seek  to  concentrate  all  ita  ener- 
gies in  one  spot  and  show  the  cross-section  of  human  knowledge  in 
our  time,  and,  above  all,  its  own  methods. 

An  exhibition  of  scholarship  cannot  be  arranged  for  the  eyes.  The 
great  work  which  grows  day  by  day  in  quiet  Hbraries  and  laboratories, 
and  on  a  thousand  university  platforms,  can  express  itself  only 
through  words.  Yet  heaped  up  printed  volumes  would  bo  dead  to 
a  World's  Fair  spectator;  how  to  make  such  words  living  was  the 
problem.  Atx>ve  all,  scholarship  does  nut  really  exhibit  its  methods, 
if  it  does  not  show  itself  in  production.  It  is  no  longer' scholarship 
which  speaks  i>f  a  truth-seeking  that  has  been  performed  instead  of 
going  on  with  the  search  for  further  truth.  If  the  world's  science  was 
to  be  exhibited,  a  form  had  to  be  Bought  in  which  the  scholarly 
work  on  the  sjK)t  would  serve  the  ideals  of  knowle<lKe,  wnnid  add  to 
the  storehouse  of  tnuh.  and  would  thus  work  in  the  service  of  human 
progrees  at  the  same  moment  in  which  it  contributed  to  the  com- 
pletenras  of  the  exhibition. 

The  effort  was  not  n-ithout  precedent.  Scholarly  production  had 
licen  connected  with  earlier  expoeitions,  and  the  large  gatherings  of 
scholars  at  the  Paris  Exposition  were  atill  in  vivid  niemorj'.  A  large 
number  of  scientific  congreesee  of  Bpecialiats  had  lieen  held  there,  and 
many  hundred  scholarly  papers  had  been  read.  Yet  the  results  hanlly 
auggeeteil  the  rejiotition  of  such  an  experiment.  Every  one  felt  too 
strongly  that  the  outcome  of  auch  disoonncctod  congresses  of  special- 
iats  is  hanjty  oomporablo  with  the  glorious  showing  which  the  arts 
and  industries  have  made  and  were  to  make  again.  In  rvrry  other 
department  of  the  World's  Fair  the  most  careful  pn>paration  secured 
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an  harmonious  effect.  The  scholarly  meetings  alone  failed  even  to  aim 

,  ftt  harmony  and  unity.  Not  only  did  the  congresses  themselvea  stA&d 
apart  without  any  inner  relation,  grouped  together  by  calendar  dates 
or  by  their  alphabetical  order  from  Anthropology  to  Zoolo^;  but 
in  every  nongress,  again,  the  papers  read  and  the  manuscripts  pre- 
sented were  disconnected  pieces  without  any  programme  or  correla- 
tion. Worse  than  that^  they  could  not  even  be  expected  in  their  isolat- 

.ednees  to  add  anything  which  would  not  have  been  worked  out  and 
communicated  to  the  world  just  as  well  without  any  congress.  The 
speaker  at  such  a  meeting  is  asked  to  contribute  anything  he  has  at 
hand,  and  he  accepts  the  invitation  because  he  has  by  chance  a  com- 
plet«d  paper  nr  a  research  ready  for  publication.  Tn  the  best  case  it 
would  have  appeared  in  the  next  number  of  the  speeialistic  magasine, 
in  not  unfrequcnt  ca.ses  it  has  appeared  already  in  the  last  number. 
Such  a  congrc.'w  w  then  only  an  accident  and  does  not  itself  serve  the 
of  knowledge. 
Even  that  would  be  acceptable  if  at  least  the  best  scholars  would 
come  out  with  their  latest  inveatigations,  or,  still  more  delightful,  if 
they  would  enter  into  an  important  discussion.    Rut  cjcperienc*-  has 

Aoo  often  shown  that  the  conditions  are  most  favorable  for  the  oppo- 
■it«  outcome.  The  loading  scholars  slay  away  partly  to  give  beginners 
the  chance  to  be  heard,  partly  not  to  he  grouped  with  those  who 

^  habitually  have  the  floor  at  such  gatherings.  These  are  either  the  men 
whose  day  has  gone  by  or  those  whose  day  has  not  yet  come;  and 
both  groups  tyrannize  alike  an  unwilling  audience.  Yet  it  may  be  said 

■  thai  in  scientific  niertings  of  specialists  the  reading  of  papers  is  non- 
iasential  and  no  harm  is  done  even  if  they  do  not  contribute  anything 
to  the  status  of  scholnrship ;  their  great  value  lies  in  the  personal  con- 
taet  of  fellow  workers  and  in  the  di.^'cussions  and  informal  exchange  of 
opinions.  A\\  that  is  true,  and  completely  justifies  the  yearly  meetings 
of  scholarly  associations.  But  these  advantages  are  much  diminished 
whenever  such  gatherings  take  on  an  international  character,  and 
thus  introduce  the  confusion  of  tongues,  .^rd  hardly  any  one  can 
doubt  that  the  turmoil  of  a  world's  fair  is  about  the  worst  possible 
background  for  such  exchange  of  thought,  which  demands  repose  and 
quietude.  Yet  even  with  the  certainty  of  all  these  disadvantages  the 
city  of  PatTs.  with  it-s  large  body  of  scholars,  with  its  venerable  schol- 
arly traditions,  and  with  its  incomparable  attraotions,  could  overcome 
every  resistance,  and  its  convenient  location  made  it  natural  llmt  in 
vacation  time,  in  an  exposition  summer,  the  scholars  ehnuld  gather 
there,  not  on  account  of.  but  in  spile  of,  the  hundred  congresses. 
With  this  the  city  of  St.  l/ouis  could  make  no  claim  to  rivalry.  Its 
recent  growth,  its  minimum  of  scholarly  tradition,  ita  great  distance 
fmm  the  old  centres  of  knowledge  evpn  in  the  New  World,  the  apathy 
of  the  East  and  the  climatic  fears  of  Europe,  all  together  made  it  clear 
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that  ft  mere  repetitioo  of  unrelated  congresses  would  bo  not  only 
useless,  but  a  disastrous  failure.  These  very  fears,  however,  them- 
•elves  8uggeat4?d  the  remedy. 

If  the  scholarly  work  of  our  time  was  to  be  represented  at  St.  Louia, 
something  had  to  be  attempted  which  should  be  not  simply  an  inaita- 
tion  of  the  branch-eongresses  which  every  scientific  specialty  in  every 
country  is  calling  every  year.  Scholarship  was  to  be  asked  to  show 
itaelf  really  in  process,  and  to  produce  for  the  World's  Fair  meeting 
somcthijig  which  without  it  would  remain  undone.  To  invite  the 
scholars  of  the  world  for  their  Icistirely  en}o>'ment  and  reposeful  dia- 
cussion  of  work  done  elsewhere  is  one  thing;  to  call  them  together 
for  work  which  they  would  not  do  otherwise,  and  which  ought  to  be 
done,  is  a  ver>-  different  thing.  The  first  had  in  St.  Loms  all  odds 
against  it;  it  seemed  worth  while  to  try  the  second.  .And  it  seemed 
not  only  worth  while  in  the  interest  of  scholarship,  it  seemed,  above 
all,  the  only  way  to  give  to  the  scholarship  of  our  time  a  chance  for 
the  complete  demonstration  of  its  productive  energies. 

The  plan  of  imrelated  congresses,  with  chance  combinations  of 
papers  prepared  at  random,  was  therefore  definitively  replaced  by  the 
plan  of  only  one  represent* ti\'c  gathering,  bound  together  by  one 
underlying  thought,  given  thus  the  unity  of  one  itcholarly  aim,  whose 
fulfillment  in  demanded  by  the  scientific  needs  of  our  time,  and  is 
hardly  to  be  reached  by  other  methods.  Everj*  arbitrarj-  and  indi- 
vidual choice  was  then  to  be  eliminated  and  every  effort  was  to  be 
controlled  by  the  one  central  purpose;  the  work  thus  to  be  organised 
and  prepared  with  the  some  carefulness  of  adju.4tmcnt  and  elabora- 
tion which  was  doubtless  to  be  applied  in  the  admirable  exhibitions 
of  the  United  States  Government  or  in  the  art  exhibition.  The  open 
queatkin  was,  of  course,  what  topic  could  fulfill  these  various  demands 
most  completely ;  wherein  lay  the  greatest  scholarly  need  of  our  time ; 
what  task  could  be  least  realized  by  the  casual  efforts  of  scholarship 
at  random;  where  wns  the  unity  of  a  world  organieation  most  needed? 

One  thought  was  very  naturally  suggested  by  the  external  circum- 
stances. St.  Louis  had  asked  the  nutions  of  the  world  to  a  eelebratic 
of  the  Louisiana  Purchase.  Historical  thoughta  thus  gave  meanin^^ 
and  importance  to  the  whole  undertaking.  The  pride  of  one  centur>''9 
de\'elopment  hod  stimulated  the  gigantic  work  from  its  inception.  An 
immense  territory  had  been  transformed  from  a  half  wilderness  into 
a  land  with  a  rich  civilization,  and  with  a  central  oity  in  which  eight 
thousand  factories  are  at  work.  No  thought  lay  nearer  than  to 
how  far  this  century  was  of  similar  importance  for  the  changes  in  the 
world  of  thought.  How  have  the  sciences  developed  themselves  since 
the  days  of  the  Louisiana  Purchase?  That  is  a  topic  which  with  com- 
plete uniformity  might  be  asked  from  every  special  science,  and  which 
might  thus  offer  a  ccrtftin  unity  of  aim  to  scholars  of  all  scientific  dc- 
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nomuiations.  Hierc  was  indeed  no  doubt  that  such  an  bUtorical  ques- 
tion would  have  to  bo  raised  if  we  were  to  live  up  Ui  the  commemora- 
tive idea  of  the  whole  Fair.  And  yet  it  seemed  still  more  certain  thai 
the  retrospective  problem  did  not  justify  itself  as  a  central  topic  for  a 
World's  Congress.  There  were  sciences  for  which  the  8U)ry  of  tlio  last 
hundred  years  was  merely  the  last  chapter  of  a  history  of  three  thou- 
sand years  and  other  sciences  whose  life  history  did  not  begin  until 
me  or  two  decades  ago.  It  would  thus  be  a  very  external  uniformity ; 
le  question  would  have  a  very  diScrent  meaning  for  the  various 
branohes  of  knowledge,  and  the  treatment  would  be  of  very  unequal 
iterest  and  importance.  More  than  that,  it  would  not  abolish  the 
elated  character  of  the  endeavors;  while  the  same  topic  might 
be  given  everywhere,  yet  every  science  would  remain  isolated ;  there 

I  would  he  no  internal  unity,  and  thus  no  inner  reason  for  bringing 

^together  the  best  workers  of  all  spheres.  And  finally  the  mere  retro- 
spective attitude  brings  with  it  the  depressing  mood  of  perfunctory 

,»ctivjty.  Certainly  to  look  back  on  the  advance  of  a  century  can  be 
loet  suggestive  for  a  better  understanding  of  the  way  which  lies 
before  us;  and  we  felt  indeed  that  the  ooeaaion  for  such  a  back- 
ward glance  ought  not  to  be  missed.  Yet  there  would  be  something 
lifeless  if  the  whole  meeting  were  devoted  to  the  consideration  of  work 
that  had  been  completed;  a  kind  of  necrological  sentiment  would 
srvade  the  whole  ceremony,  while  our  chief  aim  was  tu  aerve  the 
Jrogress  of  knowledge  and  thus  to  stimulate  living  interests. 

This  language  of  life  spoke  indeed  in  the  programme  of  another 
}ian  which  seemed  also  to  be  suggested  by  the  character  of  the 

^Exposition.  The  Si.  Louis  Fair  desire<l  not  merely  to  look  backward 
and  to  revive  the  historical  interest  in  the  Louisiana  Purchase, 
but  its  first  aim  seemed  to  be  to  bring  into  sharp  relief  the  factors 
which  ser^'G  to-day  the  practical  welfare  and  the  achievements  of 
human  society.  If  all  the  scholars  of  all  sciences  were  to  convene 
under  one  flag,  would  it  not  thus  seem  most  harmonious  with  the 
occasion,  if.  as  the  one  controlling  topic,  the  question  were  proposed, 
"  What  does  your  science  contribute  to  the  practical  progress  of  man- 
kind? "  No  one  can  deny  that  such  a  formulation  would  fit  in  well 
unth  the  lingering  thoughts  of  every  World's  Fair  visitor.  Whoever 
wanders  through  the  aisles  of  exhibition  palaces  and  sees  amassed  the 
man'elous  acluevemenls  of  industry  and  coounerce,  and  the  thousand 
practical  arts  of  modem  society,  may  indeed  turn  most  naturally  to 

|a  gathering  of  scholars  with  the  question,  "  What  have  you  to  offer 
of  similar  import?"  All  your  thinking  and  speaking  and  writing,are 
they  merely  words  on  words,  or  do  you  also  turn  the  wheels  of  this 
gigantic  civilisation? 

Such  a  question  would  give  a  noble  opening  indeed  to  almost  every 
•cience.  Who  would  say  that  the  opportunity  is  confined  to  the  man  of 
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technical  science?  Does  not  the  biolopst  also  prepare  the  achievements 
of  modem  medicine,  does  not  the  malhematician  play  his  most  impor- 
tant  rdle  in  our  maater>'  over  stubbom  nature,  do  we  not  need  lan- 
guage for  our  social  intercourse,  and  law  and  religion  for  our  practical 
social  improvement?  Yes,  ia  there  any  science  which  has  not  directly 
or  indirectly  something  to  contribute  to  the  practical  development  of 
the  modem  man  and  his  civilisation?  All  this  is  true,  and  yet  the 
perspective  of  this  truth,  (oo.  appears  at  once  utterly  distorted  if  we 
take  the  standpoint  of  science  itself.  The  one  end  of  knowledge  is  to 
reach  the  truth.  The  belief  in  the  absolute  value  of  truth  gi\'es  to  it 
meaning  and  significance.  This  value  remains  the  controlling  influ- 
ence even  where  the  problem  to  be  solved  is  itself  a  practical  one,  and 
the  spirit  of  science  remains  thus  essentially  theoretical  even  in  the 
so-called  applied  sciences.  Dut  incomparably  more  intense  in  that 
respect  is  the  spirit  of  all  theoretical  distiplines.  Philosophy  and 
toathematics,  histor>-  and  philology,  chemistry  and  bioIog>',  astro- 
nomy and  geology,  may  be  and  ought  to  be  helpful  to  practical 
civilixation  everywhere;  and  every  step  for^vard  which  they  take 
will  be  an  advance  for  man's  practical  life  loo.  And  yet  their  real 
meaning  never  ll«»8  in  their  technical  by-product.  It  is  not  the 
scholar  who  peers  in  the  direction  of  practical  use  who  is  most  loyal 
to  the  deepest  demand  of  scholarship,  and  every  relation  to  prac- 
tical acluevemeut  is  more  or  less  accidental  or  even  artificial  for 
the  real  life  interests  of  productive  scholarship. 

But  if  the  contrast  between  his  real  intention  and  his  social  tech- 
nical successes  may  not  appear  striking  to  the  physicist  or  chemist, 
it  would  appear  at  least  embarrassing  to  the  scholars  in  many  other 
departments  and  directly  bewildering  to  not  a  few.  P^-haps  two 
thirds  of  the  sciences  to  which  the  best  thinkers  of  our  time  are  faith- 
fully devoted  would  then  be  grouped  together  and  relegated  to  a 
distajit  corner,  their  only  practical  technical  function  would  be  to 
contribute  material  to  the  education  of  the  cultured  man,  For  what 
^e  do  we  study  Sanscrit  or  medieval  history  or  epistemology?  And* 
finally  even  the  uniform  topic  of  practical  use  would  not  have 
brought  the  different  sciences  nearer  to  each  other;  tjie  Congreee 
would  still  have  remained  a  budget  of  disconnected  records  of  scholar^ 
ship.  If  the  practical  side  of  the  Exposition  was  to  suggest  anything, 
It  should  then  not  In*  more  than  an  appeal  not  to  overlook  the  impoi 
tance  of  the  applied  sciences  which  too  often  play  ih**  r61e  of  a  mero] 
appendix  to  the  system  of  knowledge.  The  logical  one-sidednei 
which  consider;  practical  needs  as  below  the  dignity  of  puM-  srient 
was  indeed  to  be  excludoil,  but  to  chooee  practical  service  as  the  on< 
controlling  topic  would  be  far  more  anti-ecieuUfio. 
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2.  The  Unity  oj  Knovcledqe 

There  was  another  side  of  the  Exposition  plan  which  sug;g«8led  a 
stronger  topic.  The  World's  Fair  was  not  only  an  historicai  meinorial 
work,  and  was  not  only  a  show  of  the  practical  tools  of  technical  civil- 
ization ;  its  deepest  aim  was  after  all  the  effort  to  bring  the  energif s  of 
our  time  into  inner  relation.  The  peoples  of  the  whole  globe,  sepa- 
rated by  oceans  and  mountains,  by  language  and  custom,  by  politics 
and  prejudice,  were  here  to  come  in  contact  and  to  bo  brought  into 
correlation  by  better  mutual  understanding  of  the  best  features  of 
tbeir  respective  cultures.  The  various  indwstri*^  and  arta,  the  most 
antagonistic  efforts  of  commerce  and  production,  separated  by  the 
rivalry  of  the  market  and  by  the  divenaty  of  economic  interests 
were  here  to  be  brought  together  in  harmony,  were  to  be  correlated 
.  for  the  ej-e  of  the  spectator.  It  was  a  near-lying  thought  to  choose 
correlation  as  the  controlling  thought  nf  a  scientific  World's  Congress 
too.  That  was  the  topic  which  was  finally  agreed  upon:  the  inner 
relation  of  the  scirnres  of  our  day. 

The  fitness  and  the  external  advantages  of  such  a  scheme  are 
evident.  First  of  all,  the  danger  of  disconnectedneiw  now  disappears 
completely.  If  the  sciences  are  to  examine  what  binds  them  together, 
their  usual  isolation  must  be  given  up  for  the  time  being  and  a  con- 
certed effort  must  control  the  day.  The  bringing  together  of  scholars 
of  all  acienlific  fipecialties  is  then  no  longer  a  doubtful  accidental  fea- 
ture, but  becomes  a  condition  of  the  whole  undertaking.  More  than 
that,  such  a  topic,  with  all  that  it  involves,  makes  it  a  matter  of  course 
that  the  ca,ll  goes  out  to  the  really  leading  scholars  of  the  time.  To 
aitn  at  a  correlation  of  sciences  means  to  seek  for  the  fundamental 
principles  in  each  territory  of  knowledge  and  to  look  with  far-fleeing 
eye  beyond  the  limits  of  its  field;  but  just  this  excludes  from  the 
outaet  those  who  like  to  be  the  self-appointed  speakers  in  routine 
gatherings.  It  excludes  from  the  first  the  narrow  specialist  who  does 
not  care  for  anything  but  for  his  latest  research,  and  ought  to  exclude 
not  less  the  vague  spirits  who  generalise  about  facts  of  which  they 
have  no  concrete  substantial  knowledge,  as  their  suggestions  towards 
correlation  would  lark  inner  productiveness  and  outer  authority. 
8uch  a  plan  has  mom  only  for  those  men  who  stand  high  enough  to 
Bee  the  whole  field  and  who  have  yet  the  full  authority  of  the  special- 
istic  investigator;  they  must  combine  the  concentration  on  speelaliaed 
productive  n-ork  with  the  inspiration  that  comes  from  looking  over 
vast  regions.  With  such  a  topic  the  usual  question  does  not  come  up 
whether  one  or  another  strong  man  would  feel  attracted  to  take  part 
in  the  gathering,  but  it  would  be  justified  and  necessary  to  confine  the 
active  partJripatioii  from  the  outwt  to  those  who  are  leaders,  and 
thus  to  guarantee  from  the  beginning  a  repretientation  uf  ecienoe 
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equal  in  dignity  to  the  beat  effort*  of  the  exhibiting  tountries  in  all 
other  department*.    In  this  way  such  a  plan  had  the  advantage  of 
justifying  through  its  topic  the  administrative  desire  to  biing  all 
sciences  to  the  same  spot,  and  at  the  same  time  of  excluding  all  pai^j 
ticipants  but  the  best  scholars:   witii  isolated  gatherings  or  witbj 
second-rate  men,  this  subject  would  have  been  simply  impossible. 

Yet  all  these  halfway  external  advantAges  count  little  compared 
with  the  significance  and  importance  of  the  topic  for  the  inner  life  of 
scientific  thought  of  our  time.   We  all  felt  it  was  the  one  topic  which.) 
the  beginning  of  the  twentieth  century  demanded  and  which  could] 
not  be  dealt  with  otherwise  than  by  the  combined  labors  of  all  nationaj 
and  of  all  sciences.  The  World's  Fair  was  the  one  great  opportutiity* 
to  make  a  6rst  effort  in  this  direction;  we  had  no  right  to  mLae  this 
opportunity.  TTius  it  was  decided  to  have  a  congress  with  the  definite 
purpoise  of  working  towards  the  unity  of  human  knowledge,  and  with" 
the  one  mission,  in  this  time  of  scattered  specializing  work,  of  bringing 
to  the  consciousness  of  the  world  the  too-much  neglected  idea  of  the 
unity  of  tnith.    To  quote  from  our  first  tentative  programme:  "  Let 
the  rush  of  the  world's  work  stop  for  one  moment  for  ub  to  consider 
what  arc  tha  underlying  principles,  what  arc  their  relations  to  one 
another  and  to  the  whole,  what  are  their  values  and  purposes;   in 
short,  let  us  for  once  give  to  the  world 'a  sciences  a  holiday.  The  work- 
aday functions  arc  much  better  fulfilled  in  separation,  when  each 
scholar  works  in  his  own  laboratory  or  in  his  library;  but  this  holiday ' 
task  of  bringing  out  the  underlying  unity,  this  synthetic  work,  this 
demands  really  the  cooperation  of  all,  this  demands  that  onco  at  least 
all  sciences  come  together  in  one  place  at  one  time." 

Yet  if  our  work  stands  for  the  unity  of  knowledge,  alms  to  consider 
the  fundamental  conceptions  which  bind  together  all  the  spectalistio 
results,  and  seeks  to  inquire  into  the  methods  which  arc  common  to' 
various  fields,  all  this  is  after  all  merely  a  symptom  of  the  whole  spirit 
of  our  times.  A  reaction  against  the  narrowness  of  mere  fact-digger8_ 
has  set  in.  A  mere  heaping  up  of  disconnected,  unshaped  facts  begti 
to  disappoint  the  world;  it  is  felt  too  vividly  that  a  mere  dictionary  ol 
phenomena,  of  eventa  and  laws,  makes  our  knowledge  larger  but  not 
deeper,  makes  our  life  more  complex  but  not  more  valuable,  makes 
our  science  more  difficult  but  not  more  harmonious.  Our  time  lonf 
for  a  new  synthesis  and  looks  towards  science  no  longer  merely  with 
a  de^re  for  technical  prescriptions  and  new  inventions  in  the  interest 
of  comfort  and  exchange.  It  waits  for  knowledge  to  fulfill  its  hi^er 
mission,  it  waits  for  science  to  satisfy  our  higher  needs  for  a  view 
of  tho  world  which  shall  give  unity  to  our  scattered  experience.  "Hie 
indications  of  this  change  are  visible  to  ever>'  one  who  obsorcB 
gradual  turning  to  philoBophical  discussion  in  the  roost  differoit' 
fidds  of  scientific  life. 
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Wbea  after  the  first  third  of  the  nineteenth  century  the  gzeat 
iilo8ophic  movement  which  found  its  climax  in  UegelianlBin  came 
^to  disaster  in  coiLsequence  of  its  absurd  neglect  of  hard  solid  facta,  the 
era  of  oaturaUsm  began  ita  triumph  with  contempt  for  all  philosophy 
I  atid  for  all  deeper  unity,  idealiam  and  philosophy  were  stigmatized  as 
■the  enemies  of  true  acience  and  natural  science  had  its  great  day.  The 
rapid  progress  of  physics  and  chemistry  fascinated  the  world  and  pro- 
,duced  modem  technique;    the  sciences  of  life,  physiology,  biolog)', 
ledicice,  followed;  and  the  scientific  metiiod  was  carried  over  from 
ly  to  mind,  and  gave  us  at  the  end  of  the  nineteenth  centiuy  mod- 
tara  psychology  and  sociology.  The  lifeless  and  the  living,  the  physical 
'and  the  mental,  the  individual  and  the  social,  all  had  been  conquered 
by  analytical  methods.  But  just  when  the  climax  was  reached  and  all 
.had  been  analyzed  and  explained,  the  time  was  ripe  for  disillusion, 
the  lack  of  deeper  unity  began  to  be  felt  with  alana  in  every 
quarter.   Tor  acventy  years  there  had  been  nowhere  so  much  philo- 
sopliieing  going  on  as  suddenly  sprung  up  among  the  scientists  of 
the  last  decade.  The  physicists  and  the  mathematicians,  the  chemists 
and  the  biologists,  the  geologists  and  the  astronomers,  and,  on  the 
other  side,  the  historians  and  the  economists,  the  psychologists  and 
the  sociologists,  the  jurists  and  the  theologians  —  all  suddenly  fotmd 
themselves  again  in  the  midst  of  discussions  on  fundamental  princi- 
lee  and  methods,  on  general  categories  and  conditions  of  knowledge, 
abort,  in  the  midst  of  the  despised  philosophy.    And  with  those 
MODS  has  come  the  demand  for  correlation.   £>er}-where  have 
sn  leaders  who  have  brought  uucoimected  sciences  together  and 
[emphasized  the  unity  of  large  divisions.  The  time  seems  to  have  come 
[ligain  when  the  wave  of  naturalism  and  realism  is  ebbing,  and  a  new 
Balistic  philosophical  tide  is  swelling,  just  as  they  have  always  alter- 
nated in  the  ciWIizfttion  of  two  thousand  years. 

No  one  dreams,  of  coxirse,  that  the  great  synthetic  apperception,  for 
,  which  our  modem  lime  seems  ripe,  will  come  through  the  delivery  of 
le  hundred  addrceecs,  or  the  discussions  of  some  hundred  audiences. 
An  ultimate  unity  demands  the  gigantic  thought  of  a  single  genius, 
and  the  work  of  the  many  can,  after  all,  be  merely  the  preparation 
for  the  final  work  of  the  one.  And  yet  history-  shows  that  the  one  will 
never  come  if  the  many  have  not  done  their  share.  What  is  needed 
is  to  fill  the  sciences  of  our  time  with  the  growing  consciousness  of 
belonging  together,  with  the  longing  for  fundamental  principles,  with 
tiie  conviction  that  the  desire  for  correlation  is  not  the  fancy  of 
dreamers,  but  the  immediate  need  of  the  leaders  of  thought.  And  in 
this  preparatory  work  the  St.  Louis  Congress  of  Arts  and  Science 
seemed  indeed  called  for  an  important  part  when  it  was  committed 
to  this  topic  of  correlation. 
To  call  the  scholars  of  the  world  tc^thcr  for  concerted  aeUon 
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towfirda  the  correlfttion  of  knowlwJgo  meant,  of  course,  first  of  all,  to 
work  out  a  detailed  programme,  and  to  select  the  best  authorities 
for  every  special  part  of  the  whole  Rchemc.  Nothing  could  be  \eSt  to 
chance  methods  and  to  casual  contributions.  The  preparation  needed 
the  same  administrative  strictness  which  would  be  demanded  for  an 
encyclopedia,  and  the  same  scholarly  thoroughness  which  would  be 
demanded  for  the  most  scientific  research.  A  plan  was  to  be  devised 
in  which  every  possible  striving  for  truth  would  find  its  place,  and 
in  which  every  section  would  have  its  definite  portion  in  the  system. 
And  such  a  ground-plan  given,  topics  were  to  be  assigned  to  every 
department  and  sub-deportment,  the  treatment  of  which  would  bring 
out  the  fundamental  principles  and  the  Inner  relations  in  such  a  way 
that  the  papers  would  finally  form  a  close-woven  intellectual  fabric. 
There  would  be  plenty  of  room  for  a  retrospective  glance  at  the  his- 
torical development  of  the  sciences  and  plenty  of  room  for  emphasis 
on  their  practical  achievements;  but  the  central  place  would  always 
belong  to  the  effort  towards  unity  and  internal  harmonization. 

We  thus  divided  human  knowledge  into  large  parts,  and  the  parts 
into  divisions,  and  the  diviaions  into  departments,  and  the  depart- 
menta  into  sections.  Aa  the  topic  of  the  general  divisions  —  we  pro- 
poeed  seven  of  them  —  it  was  decided  to  diacuss  the  Unity  of  the 
whole  field.  As  topic  tor  the  departments  —  we  had  twenty-four  of 
them  —  the  addreeses  were  to  discuss  the  fundamental  Conceptions 
and  Methods  and  the  Prepress  during  the  last  century;  and  in  the 
sections,  finally — our  plan  provided  for  one  hundred  and  twenty- 
eight  of  them  —  the  topics  were  in  every  one  the  Relation  of  the 
speoial  branch  to  other  branches,  and  those  most  important  Present 
Problems  which  are  essential  for  the  deeper  principles  of  the  special 
field.  In  this  way  the  ground-plan  itself  suggested  the  unity  of  the 
practically  separated  sciences;  and,  moreover,  our  plan  provided 
from  the  firut  that  this  loj^cal  relation  should  exprc-ss  itself  externally 
in  the  time  order  of  the  work.  We  were  to  b^in  with  the  meetings  of 
the  large  divisions,  the  meetings  of  the  departments  were  to  follow, 
and  the  meetings  of  the  sections  and  their  ramifications  would  follow 
the  departmental  gatherings. 


3.   The  Objectiotu  to  the  Plan 

It  vas  evident  that  even  the  most  modest  success  of  that  ^gantto 
undertaking  depended  upon  the  right  choice  of  speakers,  upon  the 
value  of  the  ground-plan,  and  upon  many  external  conditionsj  thus 
no  one  was  in  doubt  as  to  the  difficulty  in  realizing  sueh  a  scheme. 
Yet  there  were  from  the  schcdariy  ^de  itself  objections  to  the  prin- 
ciples involved,  objections  which  might  hold  even  if  those  other 
conditions  were  suocessfuUy  met.   The  most  immtidiate  reason  for 
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rvluctauce  lies  m  the  specialising  tendencies  of  our  time.  Those 
who  devote  all  their  working  energ>-  as  loyal  sons  of  our  analyzing 

sriod  of  science  to  the  minute  detail  uf  research  come  eaeily  into  the 

ibit  of  a  ncn'ouB  fear  with  regard  to  any  wider  general  uullook.  The 

io  of  research  sees  too  often  how  ignor&n<:e  bides  itself  behind  gen- 

lities.  He  knows  too  n'ell  how  much  easier  it  is  to  formulate  vague 

leralities  than  to  contribute  a  new  fact  to  human  knowledge,  and 

low  often  untrained  youngotera  succeed  with  popular  t«xt-bookB 

which  arc  rightly  forgotten  the  next  day.   ilethodical  science  must 

thus  almost  encourage  this  aversion  to  any  deviation  from  the  path 

^Qf  poiuhtaking  specialistic  labor.   Tlien,  of  course,  it  seems  almost 

scientific  duty  to  declare  war  against  an  undertaking  which  ex- 
plicitly asks  everywhere  for  the  wide  perspectives  and  the  last  prin- 
ciples, and  does  not  aimat  adding  at  this  moment  to  the  mere  treasury 
of  information. 

But  such  a  view  is  utterly  one-aided,  and  to  &ght  against  such  one- 
adodness  and  to  overcome  the  specializing  narrowness  of  the  scat- 
tered sciences  was  the  one  central  idea  of  the  plan.  If  there  existed 
IO  scholars  who  despise  the  philosophizing  connection,  there  would 

kve  hardly  been  any  need  for  this  whole  undertaking;  but  to  yield 
such  philosophy>phobia  means  to  declare  the  analytic  movement 
of  science  permanent,  and  to  postpone  a  synthetic  movement  in- 
definitely. Our  time  has  just  to  emphasize,  and  the  leaders  of  thought 
duly  emphasise  ii  more,  that  a  mere  heaping  up  of  information  can 
be  merely  a  preparation  for  knowledge,  and  that  the  final  aim  is 
a  Wtltaiuchauiing,  a  unified  view  of  the  whole  of  reality.  All  that 
our  Congress  had  to  secure  was  thus  merely  that  the  generaliziiig  dis* 
euaaion  of  principles  should  not  be  left  t«  men  who  generalized  be- 
cause they  lacked  the  eubstantiai  knowledge  which  is  necessary  to 
specialize.  The  thinkers  we  needed  were  those  who  through  special- 
istic work  were  themselves  led  to  a  point  where  the  discussion  of  gen- 
eral principles  becomes  unavoidable.    Our  plan  was  by  no  means 

iiagunlstic  to  the  patient  labors  of  analj'sis;  the  aim  was  merely  to 
overcome  its  onc-sidedness  and  to  stimulate  the  syntheeis  as  a  neces- 
sary supplement. 

Hut  the  objections  against  a  generalizing  plan  were  not  confined  to 
the  mistaken  fear  that  we  sought  to  antagonize  the  productive  work 
of  the  specialist.  They  not  seldom  took  the  form  of  a  general  avei^ 
sion  to  the  logical  side  of  the  ground-plan.  It  was  often  said  that  such 
a  scheme  has  after  all  interest  only  for  the  logician,  for  whom  science 
as  such  is  an  object  of  study,  and  who  must  thus  indeed  classify  the 
sciences  and  determine  their  logical  relation.  The  real  scientist,  it 
was  said ,  does  not  care  for  such  methodological  operations,  and  should 
be  suspicious  from  the  finit  of  such  philosophical  high-handedness. 
The  scientist  cannot  forget  how  often  in  the  history  of  civilization 
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science  was  the  loser  when  it  trusted  its  problems  to  the  metsphy- 
ucal  thiuker  who  subatituted  his  lofty  epcciUalions  for  the  hard 
work  of  the  investigator.  The  true  acliolar  will  thus  not  only  object 
to  geoeralizing  "  commonplaces"  as  againat  solid  information,  but  he 
will  object  as  well  to  logical  demarcation  lines  and  system  atization 
as  against  the  practical  scientific  work  which  docs  not  want  to  be 
hampered  by  such  philosophical  subtleties.  Yet  all  these  fears  and 
suspicions  were  still  more  mistaken. 

Nothing  was  further  from  our  intentions  than  a  substitution  of 
metaphysics  for  concrete  science.  It  was  not  by  chance  that  we  look 
such  pains  to  find  the  best  specialists  for  every  section.  No  one  was 
Invited  to  enter  into  logical  discussions  and  to  consider  the  relations 
of  science  merely  from  a  dialectic  point  of  ■view.  The  topic  was  every- 
where the  whole  li\ing  manifoldness  of  actual  relations,  and  the  logi- 
cian had  nothing  else  to  do  than  to  prepare  the  programme.  The 
outlines  of  the  programme  demanded,  of  course,  a  certain  logical 
scheme.  If  hundreds  of  sciences  are  to  take  part,  they  have  tq  be 
grouped  somehow,  if  a  merely  alphabetical  order  is  not  adopted ;  and 
ev'cn  if  we  were  to  proceed  alphabetically,  we  should  have  to  decide 
beforehand  what  part  of  knowledge  is  to  be  recognized  as  a  special 
science.  But  the  logical  order  of  the  ground-plan  refers,  of  course, 
merely  to  the  simple  relation  of  coordination,  stibordlnatinn,  and 
auperordination,  and  the  logician  is  satisfied  with  such  a  classification. 
But  the  endless  variety  of  internal  relations  is  no  longer  to  be  dealt 
with  from  the  point  of  view  of  mere  logic.  We  may  work  out  the 
ground-plan  in  such  a  way  that  we  understand  that  logically  zoology 
is  coordinated  to  botany  and  subordinated  to  mechanics  and  super- 
ordinated  to  ichthyology;  but  this  minimum  of  determination  gives, 
of  course,  not  even  a  hint  of  that  world  of  relations  which  exists  from 
the  standpoint  of  the  biologist  between  the  science  of  soology  and 
the  science  of  botany,  or  between  the  biological  and  the  mechanical 
studies.  To  discuss  these  relations  of  real  scientific  life  is  the  woik  of 
the  biologist  and  not  at  all  of  the  logician. 

The  foregoing  answers  also  at  once  an  objection  which  might  seem 
more  justiiicd  at  the  first  glance.  It  has  been  said  that  we  were  under- 
taldng  the  work  of  bringing  about  a  B)*nthe8is  of  scientific  endeavors, 
and  that  wc  yet  had  that  synthesis  already  completed  in  the  pro- 
gramme on  which  the  work  waa  to  be  based.  The  scholars  to  be  in- 
vited would  be  bound  by  the  programme,  and  would  therpforo  have 
no  other  posMbiUty  than  to  say  with  more  words  what  the  programme 
had  settled  beforehand.  The  whole  effort  would  then  seem  determined 
from  ihc  start  by  the  arbitrariness  of  tbe  proposed  ground-pkn. 
Now  it  cannot  be  denied  indeed  that  a  certain  factor  of  arbiirarinesa 
has  to  enter  into  a  programme.  We  have  alrcft<iy  referred  to  the  fact 
tb&t  some  one  must  decide  beforehand  what  fraction  of  science  Ls  to  be 
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acknowledged  as  a  Bclf-dependcnt  discipline.  If  ft  biologist  were  to 
worlc  out  the  acheme,  he  might  decide  that  thp  whole  of  philosophy 
was  just  one  science;  while  the  philosopher  might  claim  a  large  num- 
ber of  aectiona  for  logic  and  ethics  and  philosophy  of  religion,  and  so 
on.  And  the  philosopher,  on  the  other  hand,  might  treat  the  whole  of 
medicine  as  one  part  in  itself,  while  the  physician  might  hold  that  even 
otolog>"  has  to  be  separated  from  rhinology.  A  certain  subjectivity  of 
standpoint  is  unavoidable,  and  we  know  ver}'  well  that  instead  of  the 
one  hundred  and  twenty-eight  iwctions  of  our  programme  we  might 
have  been  satisfied  with  half  that  number  or  might  have  indulged  in 
double  that  number.  And  yet  there  was  no  possible  plan  which  would 
have  allowed  us  to  invite  the  speakers  without  defining  beforehand 
tiie  sectional  Beld  which  each  was  to  represent.  A  certain  courage  of 
opinion  was  then  necessary,  and  sometimes  also  a  certain  adjustment 
to  external  conditions. 

Quite  similar  was  the  question  of  classification.  Just  as  we  had  to 
take  the  responsibility  for  the  staking-nut  of  every  section,  we  had 
also  to  decide  in  favor  of  a  certain  grouping,  if  wc  desired  to  organ- 
ize the  Congress  and  not  simply  to  briog  out  haphazard  results.  The 
principles  which  are  sufiicient  for  a  mere  directory-  would  never  allow 
Uie  shaping  of  a  programme  which  can  be  the  basis  for  synthetic  work . 
Even  a  university  catalogue  b^ins  with  a  certain  classification,  and 
yet  no  one  fancies  that  such  catalogue  grouping  inhibits  the  freedom 
of  the  university  lecturer.  It  is  easy  to  say,  aa  has  been  said,  that  the 
essential  trait  of  the  scientific  life  of  to-day  ia  \ta  live-and-lct-ltve 
character.  Certainly  it  is.  In  the  regtilar  work  in  our  libraries  and 
laboratories  the  year  round,  everything  depends  upon  this  demo- 
cratic freedom  in  which  every  one  goes  his  own  way,  hardly  asking 
what  his  neighbor  is  doing.  It  is  that  which  has  made  the  speclalistic 
sciences  of  our  day  aa  strong  as  they  are.  But  it  has  brought  about  at 
the  same  time  this  extreme  tendency  to  unrelated  specialization  with 
its  discouraging  lack  of  unity ;  this  heaping  up  of  information  without 
an  outer  harmonious  view  of  the  world ;  and  if  we  were  really  at  least 
once  to  satisfy  the  desire  for  unity,  then  we  had  not  the  right  to  yield 
fully  to  this  live-and-lct-live  tendency.  Therefore  some  principle  of 
grouping  had  to  be  accepted,  and  whatever  principle  had  been  chosen, 
it  would  certainly  have  been  open  to  the  criticism  that  it  was  a  pro- 
duct of  arbitrary  decision,  inasmuch  aa  other  principles  might  have 
been  possible. 

A  elaasification  which  in  itself  expresses  all  the  practical  relations  in 
which  sciences  stand  to  each  other  is,  of  course,  absolutely  impossible. 
A  programme  which  should  try  to  arrange  the  plaoe  of  a  special  diael- 
pSme  in  such  a  way  that  it  would  become  the  neighbor  of  all  those  other 
sneneeB  with  which  it  has  internal  relation  is  unthinkable.  On  the 
other  hand,  only  if  we  had  tried  to  construct  a  scheme  of  such  exaggei^ 
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ated  ambitions  should  we  have  been  rcoUy  guUty  of  anticipating  a 
part  of  that  which  the  speclalistic  scholara  were  to  tcU  us.  The  Con- 
gns6  had  to  leave  it  to  the  in-v-ited  participants  to  discu&s  the  totality 
of  relations  which  practically  exist  between  their  fields  and  others, 
and  the  oi^anixers  confined  themselves  to  that  minimuni  of  classifica- 
tion which  just  indicates  the  pure  logical  relations,  a  minimum  which 
every  editor  of  encyclopedic  work  would  be  asked  to  initiate  without 
awakening  siispirions  of  interference  with  the  ideas  of  his  contributors. 

The  only  justified  demand  which  could  be  met  was  that  a  system 
of  division  and  claAsification  should  bo  proposed  which  should  give 
fair  play  to  every  exiting  scientific  tendency.  The  minimum  of  classi- 
fication was  to  be  combined  with  the  maximum  of  freedom,  and  to 
secure  that  a  careful  consideration  of  principles  was  indeed  necessary. 
To  bring  logical  order  into  the  sciences  which  stand  out  clearly  with 
traditional  rights  is  not  difficult;  but  the  chances  are  too  great  that 
certain  tendencies  of  thought  might  fail  to  find  recognition  or  might 
ho  suppressed  by  scientific  prejudice.  Any  serious  omission  would 
indeed  have  necessarily  inhibited  the  freedom  of  expression.  To 
secure  thus  the  greatest  inner  fullness  of  the  programme,  seemed  in- 
deed the  most  important  task  in  the  elaboration  of  the  ground-plan. 
The  fears  that  we  might  offer  empty  generaliMtion  instead  of  schol- 
arly facts,  or  that  we  might  simply  heap  up  encyclopedic  information 
instead  of  gaining  wide  perspectives,  or  that  we  might  interfere  with 
the  living  connections  of  sciences  by  the  logical  demarcation  lines,  or 
that  we  might  disturb  the  scholar  in  his  freedom  by  determining 
beforehand  his  place  in  the  classification,  —  all  these  fears  and  objec- 
tions, which  were  repeatedly  raised  when  the  plan  was  first  proposed, 
seemed  indeed  unimportant  compared  with  the  fear  that  the  pro- 
gramme might  be  unable  to  include  all  scientific  tendencies  of  the 
time. 

That  would  have  been.  Indeed ,  the  one  fundamental  mistake,  as  the 
whole  Congress  work  was  planned  in  the  service  of  the  great  synthetic 
movement  which  pervades  the  intellectual  life  of  to-day.  The  under- 
taking would  be  useless  and  even  hindering  if  it  were  not  just  the  newer 
and  deeper  tendencies  that  came  to  most  complete  expression  in  it. 
Everything  depended,  therefore,  upon  the  fullest  possible  representa- 
tion of  scientific  endeai'ors  in  the  plan.  Rut  no  one  can  t>rcome  aware 
of  this  man)  foldn  CSS  and  of  the  logical  relations  who  does  not  go  back  to 
the  ultimat«  principle  of  the  human  search  lor  tnith.  We  have,  there- 
fore, to  enter  now  into  a  full  discussion  of  the  principles  which  have 
controlled  the  classification  and  subdivision  of  the  whole  work.  The 
disouarion  is  nfiocssorily  in  its  essence  a  philosophical  one,  as  it  was 
earlier  made  plain  that  philosophy  must  lay  out  the  plan .  while  in  the 
realization  of  the  plan  through  concrete  work  the  scientist  alone,  and 
not  the  logician,  has  to  speak.   Yet  here  again  it  may  be  said  that 
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while  our  discussion  of  principles  in  its  essence  ts  logical,  in  another 
jeepect  it  Is  a  merely  historical  account.  The  quntiion  is  not  what 
principles  of  classification  are  to  be  acknowledged  na  valimlilc  now 
that  the  work  of  the  CoDgress  lies  behind  us,  but  what  princip1i\s  were 
accepted  and  really  led  to  the  organization  of  the  work  in  that  form  in 
which  it  presents  itself  in  the  records  of  the  following  volumes. 


n 


THE  CLASSIFICATION  OF  THE  SCIENCES 


1.   The  Development  of  Ctat»ification 

The  problem  of  dividing  and  subdividing  the  whole  of  human  know- 
ledge and  of  thus  bringing  order  into  the  manifoldncss  of  scientific 
efforts  has  fascinated  the  leading  thinkers  of  all  ages.  It  may  often  be 
difficult  to  say  how  far  the  new  principles  of  classification  themselves 
open  the  way  for  new  scientific  progress  and  how  far  the  great  forward 
movements  of  thought  in  the  special  sdencea  have  in  turn  influenced 
the  principles  of  classification.  In  any  case  every  productive  age  has 
demanded  the  expression  of  its  deepest  enei^  in  a  new  ordering  of 
human  science.  The  history  of  these  efforts  leads  from  Plato  and 
Aristotle  to  Bacon  and  Locke,  to  Bentham  and  Ampere,  to  Kant  and 
Hegel, to  Comte  and  Spencer,  to  Wundt  and  Windelband.  And  )'et 
we  can  hardly  speak  of  a  real  historical  continuity.  In  a  certain  way 
every  period  took  up  the  problem  anew,  and  the  new  aspects  resulted 
not  only  from  the  development  of  the  sciences  themselves  which  were 
to  be  classified,  but  still  more  from  the  differences  of  logical  interest. 
Sometimes  the  classification  referred  to  the  material,  sometimes  to 
the  method  of  treatment,  sometimes  to  the  mental  enerpes  involved, 
and  sometimes  to  the  ends  to  be  reached.  The  reference  to  the  mental 
faculties  was  certainly  the  earliest  method  of  bringing  order  into 
human  knowledge,  for  the  distinction  of  the  Platonic  philosophy  be- 
tween dialectics,  physics,  and  ethics  pointed  to  the  threefold  charac- 
ter of  the  mind,  to  reason,  perception,  and  desire;  and  it  was  on  the 
threshold  of  the  modem  time,  again,  when  Bacon  divided  the  Intel- 
lectual globe  into  three  large  parts  according  to  three  fundamental 
pcycbical  faculties:  memory,  imagination,  and  reason.  The  memory 
l^ves  ns  history;  the  imagination,  poetry;  the  reamn,  philosophy, 
or  the  sciences.  History  was  further  divided  into  natural  and  ci\il 
history;  natural  history  into  normal,  abnormal,  and  artificial  phe- 
nomena; civil  history  into  political,  literary,  and  ecclesiaslieal  history. 
The  field  of  reason  was  subdivided  into  man,  nature,  and  God;  the 
domftin  of  man  gives^  first,  ci^-il  philosoi^y,  parted  off  into  inter- 
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course,  business,  and  government,  and  secondly,  the  philooophy  of 
humanity,  divided  into  that  of  body  and  of  soul,  wherein  medicine 
and  athletics  belong  to  the  body,  lo^c  and  ethics  to  the  soul.  Nature, 
on  the  other  hand,  was  divided  into  speculative  and  applied  science, 
—  the  spcculntive  containing  both  phj"sics  and  metaphysics;  the 
applied,  mechanics  and  magic.  All  this  was  full  of  artificial  con- 
structions, and  yet  still  more  marked  by  deep  insight  into  the  needs 
of  Bacon's  time,  and  not  every  modification  of  later  classifiers  was 
logically  a  step  fom*ard. 

Yet  modem  efforts  had  to  seek  quite  different  methods,  and  the 
energies  which  have  been  moat  effective  for  the  ordering  of  knowledge 
in  the  last  decades  spring  unquestionably  from  the  system  of  Comt* 
and  his  successors.  He  did  not  aim  at  a  system  of  ramifications;  his 
problem  was  to  show  how  the  fundamental  sciences  depend  on  each 
other.  A  aorics  waa  to  be  constructed  in  which  each  member  should 
presuppose  the  foregoing.  The  result  was  a  amplioity  which  is  cer- 
tainly tempting,  but  this  simplioity  was  reached  only  by  an  artificial 
emphasis  which  corresponded  completely  to  the  one-aidedness  of 
naturalistio  thought.  It  was  a  philosophy  of  po«ti\')Bm,  the  back- 
ground for  the  gigantic  work  of  natural  science  and  technique  in  the 
last  two  thirds  of  the  nineteenth  ccnturj*.  Comte's  fundamental 
thought  is  that  the  science  of  Morals,  in  which  we  study  human  nature 
for  the  government  of  human  life,  is  dependent  on  sociology.  Socio- 
logy, hottwer,  depends  on  biology;  this  on  chemistry;  this  on 
phj'sics;  this  on  astronomy;  and  this  finally  on  mathematics.  In  this 
way,  all  mental  and  moral  sciences,  history  and  philology',  jurispru- 
dence and  theology,  economics  and  politics,  are  considered  as  socio- 
logical phenomena,  as  dealing  with  functions  of  the  human  being. 
But  as  man  is  a  living  organism,  and  thus  certainly  falls  under 
biology,  all  the  branches  of  knowledge  from  htator}*  to  ethics,  from 
jurisprudence  to  owthetics,  can  be  nothing  butsubdi^isionsof  biology. 
The  living  organism,  on  the  other  hand,  is  merely  one  typo  of  the 
physical  iMidies  on  earth,  and  biology  la  thus  itself  merely  a  depart- 
ment of  phytucs.  But  as  the  earthly  bodies  are  merely  a  part  of  the 
eoemic  totality,  physics  is  thus  a  part  of  OAtranomy;  and  as  the  whole 
universe  is  controlled  by  mathematical  laws,  mathematics  must  be 
supcrordinated  to  all  sciences. 

But  there  followed  a  time  n-h1ch  overcame  this  thinly  disguised 
example  of  materialism.  It  was  a  time  when  the  categories  of  the 
pbysiolo^t  lost  slightly  in  credit  and  the  categories  of  the  psy^o- 
logiat  won  repute.  Thia  newer  movement  hold  that  it  is  artificial  to 
eODsider  ethical  and  logical  life,  historic  and  legal  action,  literary  and 
n^igioua  emotiona,  merely  as  phyaobgie&l  functions  of  the  living 
Of^ganitm.  The  mental  life,  however  necoasarily  connected  with  brain 
ptoeenes.  has  a  positive  reality  of  ita  own.  The  psychical  facia  rcpre- 
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TCnt  a  world  of  phenomena  which  in  Us  nature  is  absolutely  difFrrrnt 
from  that  of  material  phenomena,  and,  while  it  is  tnic  that  every 
ethical  action  and  every  logical  thought  can,  from  the  standpoint  of 
the  biologifit,  be  considered  as  a  property  of  matwr,  it  is  not  less  tntti 
that  ihc  sciences  of  mental  phenomena,  ronsidercd  impartially,  form 
a  sphere  of  knowledge  closed  in  itself,  and  must  thus  be  eonrdinatod. 
not  subordinated,  to  the  knowledge  of  the  ph>-aicQl  world.  Wc  should 
say  thus:  all  knowledge  folia  into  two  cloaaes,  the  physical  sciences 
Bod  the  mental  sciences.  In  the  circle  of  physical  sciences  wc  have  the 
.  general  sciences,  like  physics  and  chemistry,  the  porticular  sciences  of 
special  objects,  like  astronomy,  geology,  mineralogy,  biolog.v,  and  the 
formal  sciences,  like  mathematics.  In  the  circle  of  mental  sciences  we 
have  correspondingly,  as  a  general  science,  psychology,  and  as  the 
particular  sciences  all  those  special  mental  and  moral  sciences  which 
deal  with  nuw'sinnerUfe,  like  history  or  jurisprudence,  logic  or  ethics, 
Imd  all  the  rest.  Such  a  classification,  which  hod  its  philosophical 
defenders  about  twenty  years  ago,  penetrated  the  popular  thought 
as  fully  OS  the  positivism  of  the  foregoing  generation,  and  was  cer- 
tainly superior  to  its  materialistic  forerunner. 

Of  course  it  was  not  the  fiist  time  in  the  history  of  civilization  that 
,  materialism  was  replaced  by  dualism,  that  biologism  was  replaced  by 
,  psyohologism ;  and  it  was  also  not  the  first  time  that  the  development 
iof  civilization  led  again  beyond  this  point:   that  is,  led  beyond  the 
[psychologizing  period.   There  is  no  doubt  that  our  time  presses 
on,  with  all  its  powerful  internal  energies,  away  from  this  Weltan- 
\»ehartung  of  yesterday.    The  materialism  was  anti-philosophic,  the 
[peychulogical  dualism  was  un philosophic.    To-day  the  philosophical 
jvement  has  set  in.    The  one-sidedncss  of  the  nineteentii  century 
ereed  is  folt  in  the  deeper  thought  all  over  the  world:  popular  move- 
ments and  scholarly  efforts  alike  show  the  signs  of  a  coming  idealism, 
which  has  something  better  and  deeper  to  say  than  merely  that  our 
[iife  ia  a  scries  of  causal  phenomena.    Our  time  longs  for  a  new  intcr- 
iretation  of  reality;    from  the  depths  of  every  science  wherein  for 
locades  philosophizing  was  despised,  the  best  scholars  turn  again  to  a 
'  discussion  of  fundamental  conceptions  and  general  principles.  Histor- 
ical thinking  begins  agun  to  take  the  leadership  which  for  half  a  cen- 
tury belonged  to  naturalistic  thinking;  spcciali^tic  research  demands 
increasingly  from  day  to  day  the  readjustment  toward  higher  unities, 
and  the  technical  progress  which  charmed  the  world  becomes  more 
and  more  simply  a  factor  in  an  ideal  progress.  The  appearance  of  this 
unifying  congress  itself  is  merely  one  of  a  thouiiand  symptoms  of 
this  cliaage  appearing  in  our  public  life,  and  if  the  scientific  philo- 
BO^hy  ia  producing  to-day  book  upon  book  to  prove  that  the  world 
of  phenomena  must  be  supplemented  by  the  world  of  values,  that 
description  must  yield  to  intorpratalion,  and  that  explanation  must 
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be  faarmoiiized  with  appreciation:  it  is  but  echoing  in  technical 
terms  the  one  great  emotion  of  our  time. 

This  certainly  does  not  mean  that  any  step  of  the  gigantic  material- 
istic, technical,  and  psychological  development  will  be  levereed,  or 
that  progress  in  ony  one  of  theee  directions  ought  to  ceaMs.  On  the 
contrary,  no  time  was  ever  more  ready  to  put  its  immense  energies 
into  the  ser\-ice  of  naturalistic  work;  but  it  does  mean  that  our  time 
recognizes  the  one-sidedness  of  these  movements,  recognixes  that  they 
belong  only  to  one  aspect  of  reality,  and  that  another  aspect  is  poe- 
Bible;  yes,  that  the  other  aspect  is  that  of  our  immediate  life,  with  its 
purposes  and  its  ideals,  its  historical  relations  and  itd  logical  aims. 
The  claim  of  materialism,  that  all  psychical  facts  ai-e  merely  functions 
of  the  organism,  was  no  argument  against  psychology,  because, 
though  the  biological  view  was  possible,  yet  the  other  aspect  is  cer- 
tainly a  necessary  supplement.  In  the  same  way  it  is  no  argument 
Against  the  newer  view  that  all  purposes  and  ideals,  all  historical 
Actions  and  logical  thoughts,  can  be  considered  as  psychological  phe- 
nomena. Of  course  we  can  consider  them  as  such,  and  we  must  go  on 
doing  so  in  the  service  of  the  psychological  and  sociological  sciences; 
but  we  ought  not  to  imagine  that  we  have  expressed  and  understood 
the  real  character  of  our  historical  or  moral,  our  lo^cal  or  religious 
life  when  we  have  described  and  explained  it  as  a  scries  of  phenomena. 
Its  immediate  reality  expresses  itself  above  all  in  the  fact  that  it  has 
a  meaning,  that  it  is  a  purpose  which  we  want  to  understand,  not  by 
considering  its  causes  and  effects,  but  by  interpreting  its  aims  and 
appreciating  its  ideals. 

Wc  should  say,  therefore,  to-day  that  it  is  most  interesting  and 
important  for  the  scientist  to  consider  human  life  with  all  its  strivings 
and  creations  from  a  biological,  psychological,  sociological  point  of 
^ew;  that  is,  U>  consider  it  as  a  system  of  causal  phenomena;  and 
many  problems  worthy  of  the  highest  energies  have  still  lo  be  solved 
in  these  sciences.  But  that  which  the  jurist  or  the  theologian,  the 
student  of  art  or  of  history,  of  literature  or  of  poUcics,  of  education  or 
of  moralily,  is  dealing  with,  refers  to  the  other  aspect  in  which  inner 
life  is  not  a  phenomenon  but  a  system  of  purposes,  not  to  be  ex- 
plained but  to  be  interpreted,  to  be  approached  not  by  causal  but  by 
teleological  methods.  In  this  case  the  historical  sciences  are  no  longer 
Bub-ecctions  of  psychological  or  of  soctological  sciences;  the  concep- 
tion of  science  is  no  longer  identical  with  the  conception  of  the 
science  of  phenomena.  There  exist  sciences  which  do  not  deal  with 
the  description  or  explonation  of  phenomena  at  all,  but  with  the 
internal  relation  and  connection,  the  interpretation  and  appreciation 
of  purpose.  In  this  wny  modem  thought  demands  that  scienceaTif 
purpose  bo  coordinated  with  sciences  of  phenomena.  Only  if  all  these 
tendencice  of  our  time  ore  fully  acknowledged  can  the  outer  frame<i 
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work  of  our  classification  offer  a  fair  field  to  cvcrj*  scientific  thought, 
while  a  positivistic  sj'r^tcm  vould  cripple  the  most  promising  tend* 
ODoies  of  the  twentieth  century. 


2.    The  Four  Theoreiieal  DivUiona 

We  have  first  to  detennine  the  underlying  structure  of  the  classifi- 
catiun,  that  is,  we  have  to  seek  the  chief  Divblons,  of  which  our  plan 
shows  seven;  four  theoretical  and  three  practical  ones.   It  will  be  a 
Becoudar>'  task  to  subdivide  them  later  into  the  24  Departments  and 
128  Sections.  We  desire  to  divide  the  whole  of  knowledge  in  a  funda- 
mental way.  and  we  must  therefore  start  with  the  question  of  prin- 
ciple:—  what  is  knowledge?  This  question  belongs  to  epistemology, 
and  thus  falls,  indeed,  into  the  domain  uf  philosophy.    The  positivist 
is  easily  inclined  to  substitute  for  the  philosophical  problem  the 
empirical  question:    how  did  that  which  we  call  knowledge  grow 
and  develop  itself  in  our  individual  mind,  or  in   the  mind  of  the 
nations?  The  question  becomes,  then,  of  course,  one  which  must  be 
answered  by  psychology,  by  sociology,  and  pcrhajw  by  biology.  Such 
genetic  inquiries  are  certainly  very  important,  and  ihe  problem  of 
how  the  procet>sc«  of  judging  and  conceiving  and  thinking  are  pro- 
duced in  the  individual  or  social  consciousness,  and  how  they  are  to 
be  explained  through  physical  and  psychical  causes,  deserves  fullest 
,  Attention.  But  its  solution  cannot  even  help  us  as  regards  the  funda- 
[inental  problem,  what  we  mean  by  knowledge,  and  what  the  ulcinkaie 
tbIuo  of  knowlixlge  may  be,  and  why  we  sock  it.   This  deeper  logical 
inquir)'  must  be  answered  somehow  before  those  genetic  studies  of  the 
.psychological  and  the  ftoeiological  po^itivists  can  claim  any  tnith  at 
fall,  and  thus  any  value,  for  their  outcome.    To  explain  our  present 
knowledge  genetie^illy  from  its  foregoing  causes  means  merely  to  con- 
nect the  present  experience,  which  we  know,  with  a  past  experience, 
which  wc  remember,  or  wiih  earlier  phenomena  which  we  construct 
on  the  basis  of  theories  and  hypotheses;   but  in  any  case  with  facts 
twhich  we  value  as  parts  of  our  knowletlge  and  which  thus  presuppose 
'the  acknowloflgment  of  the  value  of  knowlerlge.    Wc  cannot  deter- 
mine by  linking  one  part  of  knowledge  with  another  part  of  know- 
le  whether  we  have  a  right  to  speak  of  knowledge  at  all  and  to 
sly  on  it. 

We  can  thus  not  start  from  the  childhood  of  man,  or  from  the  begin- 
ning of  humanity,  or  from  any  other  object  of  knowledge,  but  we 
must  begin  with  the  state  which  logically  precedes  all  knowledge; 
that  is,  with  our  immediate  experience  of  reel  life.  Here,  in  the  natve 
experience  in  which  we  do  not  know  ouraelves  as  objects  which  we 
perceive,  but  where  we  feel  ourselves  in  our  subjective  attitudes  as 
agents  of  will,  as  pereonaUties,  here  we  find  the  origiiuil  reality  not  yet 
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shaped  and  remoulded  by  sctentiBc  conceptions  and  by  the  demand* 
of  knowledge.  And  from  this  basis  of  primarj*,  naive  reality  we  must 
ask  ourselves  what  we  mean  by  seeking  knowledge,  and  how  this 
demand  of  ours  is  different  from  the  other  activities  in  which  we  work 
out  the  meaning  and  the  ideals  of  our  life. 

One  thing  is  certain,  we  cannot  go  back  to  the  old  dogmatic  stand- 
point, whether  rationalistic  or  scnsiialistic.  In  both,  cases  d(^matism 
took  for  granted  that  there  is  a  real  world  of  things  which  exist  in 
themselves  independent  of  our  subjective  attitudes,  and  that  our 
knowledge  has  to  give  ua  a  mirror  picture  of  that  self-<lcpendcnt 
world.  Sensualiam  averred  that  we  get  this  knowledge  through  our 
perceptions;  rationalism,  that  we  get  it  by  rcaaoning.  The  one  as- 
serted that  experience  gives  us  the  data  which  mere  abstract  rcaaon- 
ing can  never  supply ;  the  other  asserted  that  our  knowledge  speaks 
of  necessity  which  no  mere  perception  can  find  out.  Our  modem 
time  has  gone  through  the  school  of  philosophical  criticism,  and  the 
dogmatic  ideas  have  lost  for  us  their  meaning.  We  know  that  the 
world  which  we  think  as  independent  cannot  be  independ^tof  the 
formBof  our  thinking,  and  that  no  science  has  reference  to  any  other 
world  than  the  world  which  is  determined  by  the  categories  of  our 
apperception.  There  cannot  be  anything  more  reid  than  the  immodj- 
ate  pure  experience,  and  if  we  seek  the  truth  of  knowledge,  we  do  not 
set  out  to  discover  something  which  is  hidden  behind  our  experience, 
but  we  set  out  simply  to  make  something  out  of  oxur  experience  which 
satisfies  certain  demands.  Our  immediate  experience  does  not  contwn 
an  objective  thing  and  a  subjective  picture  of  it,  but  they  are  com- 
pletely one  and  the  same  piece  of  experience.  We  have  the  object  of 
our  immediate  knowledge  not  in  the  double  form  of  an  outer  object 
independent  of  ourselves  and  an  idea  in  us,  but  we  have  it  as  our 
object  there  in  the  practical  world  before  science  for  its  special  pur- 
poses has  broken  up  that  bit  of  re&lit>'  into  the  physical  material 
thing  and  the  psychical  content  of  oonseiousneas.  And  if  this  double- 
new  docs  not  hold  for  the  immediata  reality  of  pure  experience,  it 
cannot  enter  through  that  reshaping  and  reconstructing  and  connect- 
ing and  interjireting  of  pure  experience  which  wc  call  our  knowledge. 
All  that  science  gives  to  us  is  just  such  an  endlessly  enlarged  expe- 
rienoe,  of  which  every  particle  remains  objective  and  independent, 
inasmuch  as  it  is  not  in  us  as  psychical  individuals,  while  yet  com- 
pletely dependent  upon  the  forms  of  our  subjective  experience.  The 
ideal  of  truth  is  thus  not  to  gun  by  rcsaaon  or  by  obBor\-ation  ideas 
in  ourselves  which  correspond  as  well  as  possible  to  absolute  thiDBs, 
but  to  reconstruct  the  given  experience  in  the  sennce  of  certain 
purposes.  Everything  which  completely  fiUfiUs  the  purpoeee  of  this 
intentional  reoonstmclion  is  true. 

What  arc  these  purposes?  One  thing  is  dear  from  the  first :  Ihere 
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cnnnot  be  a  purpose  where  there  is  not  a  nill.  It  we  come  £rom  pure 
experipncc  to  knowledge  by  a  purposive  transformation,  we  must 
acknowledge  the  reality  of  u-ill  in  ourselves,  or  rather,  we  must  find 
our^lves  as  will  in  the  midst  of  pure  experience  before  we  reach  any 
knowledge.  And  so  U  is  indeed.  We  can  abstract  from  aU  those  reoon- 
Btructions  which  the  sciences  suggest  to  us  and  go  back  to  the  moat 
immediate  naSve  experience;  but  we  can  never  reach  an  experience 
which  does  not  contain  the  doubleness  of  subject  and  object,  of  will 
and  world.  That  doubleness  has  nothing  whatever  to  do  with  the 
difference  of  ph)'sical  and  psychical;  both  the  physical  thing  and  the 
psychical  idea  are  objects.  The  antithesis  is  not  that  between  two 
kinds  of  objects,  since  we  have  seen  that  in  the  immediate  experience 
the  objects  are  not  at  all  split  up  into  the  two  groups  of  material  and 
mentnl  things;  it  is  rather  the  antithesis  between  the  object  in  ita 
undifferentiated  state  on  the  one  side  and  the  subject  in  its  will-atti- 
tude on  the  other  side.  Yea,  even  if  we  speak  of  the  subject  which 
stands  as  a  unity  behind  the  will-attitudes,  we  are  already  reconstruct- 
ing the  real  experience  in  the  interest  of  the  purposes  of  knowledge. 
In  the  immediate  experience,  we  have  the  will-attitudes  themselves, 
and  not  a  saibjeet  which  wills  them. 

If  wc  ask  our^lvcs  hnalty  what  is  then  the  ultimate  difference 
between  those  two  elements  of  our  pure  experience,  between  the  object 
and  the  will-attitude,  we  stand  before  the  ultimate  data:  wc  call  that 
element  which  exists  merely  through  a  reference  to  its  opposite,  the 
object,  and  we  coll  that  clement  of  our  experience  whieh  is  complete 
in  itself,  the  attitude  of  the  will.  If  wc  experienced  liking  or  dislik- 
ing,  affirming  or  denying,  approving  or  disapproWng  in  the  same  way 
in  which  we  experience  the  red  and  the  green,  the  aweet  and  the  sour, 
the  rock  and  the  tree  and  the  moon,  wc  should  know  objects  only. 
But  we  do  experience  them  in  quite  a  different  way.  The  rock  and 
the  tree  do  not  point  to  anything  else,  but  the  approval  has  no  real- 
ity if  it  does  not  point  to  its  opposition  In  disapproval,  and  the  denial 
haa  DO  meaning  if  it  is  not  meant  in  relation  to  the  afhrmative.  This 
doublenefls  of  our  primary  experience,  this  having  of  objects  and  of 
autagnnistic  attitudes  must  be  acknowledged  wherever  we  speak  of  ex- 
pericnrc  at  all.  We  know  no  object  without  attitude,  and  noatiitudo 
witbout  object.  The  two  arc  one  state;  object  and  attitude  form 
a  unity  which  we  resolve  by  the  different  way  in  which  we  experience 
these  two  features  of  the  one  state:  we  find  the  object  and  we  live 
through  the  attitude.  It  Is  a  different  kind  of  awareness,  the  having 
of  the  object  and  the  taking  of  the  attitude.  In  real  life  our  will  is 
nerer  an  object  which  we  simply  ixTceivc.  TTie  psychologist  may  treat 
the  will  ae  such,  but  in  the  immediate  experience  of  real  life,  we  are 
eertain  of  our  action  by  doing  it  and  not  by  perceiving  our  doing;  and 
this  our  pcrfonning  and  rejecting  is  really  our  self  which  wc  posit  as 
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absolute  reality,  not  by  knowing  it,  but  by  willing  it.  This  corner^ 
stone  of  the  Fichtean  philosophy  was  forgotten  throughout  the  un- 
criucol  and  uophilosophical  decades  of  a  mere  naluralifitic  age.  But 
our  time  has  finally  come  to  give  attention  to  it  again. 

Our  pure  experience  thus  contains  will-attitudeit  and  objects  ot  will, 
and  the  different  attitudes  of  the  will  give  the  fundamental  classes  of 
human  activity.  We  can  easily  recognise  four  diETereut  typed  of  will- 
relation  towards  the  world.  Our  will  submits  itself  to  the  world:  our 
will  approves  the  world  as  it  is;  our  will  approves  the  changes  in  the 
world;  our  will  transcends  the  world.  Yet  we  must  make  at  once  one 
more  roost  important  discrimination.  We  have  up  to  this  point  sim- 
plified our  pure  experience  too  much.  It  is  not  true  that  we  experience 
only  objects  and  our  own  n-ill-attitudes.  Our  will  reaches  out  not  only 
to  objects,  but  also  to  other  subjects.  In  our  most  immediate  experi- 
ence, not  reshaped  at  all  by  theoretical  science,  our  ftill  is  in  agrec»' 
ment  or  disagreement  with  other  wills;  tries  to  influence  them,  and 
receives  influences  and  suggestions  from  them.  The  pseudo-philo- 
sophy of  naturalism  must  say  of  course  that  the  will  docs  not  stand  in 
any  direct  relation  to  another  will,  but  that  the  other  persons  are  fof]| 
us  simply  material  objects  which  we  perceive,  like  other  objects,  and 
into  which  we  project  mental  phenomena  like  those  which  we  find  :n 
ourselves  by  the  mere  conclusion  of  analogy.  But  the  complex  recon- 
structions of  physiological  psychology  are  therein  substituted  for  the 
primary  experience.  I  f  we  have  to  express  the  agreement  or  disagree- 
ment of  wills  in  the  terms  of  causal  science,  we  may  indeed  be  obliged] 
to  transform  the  real  experience  into  such  artificial  constructions; 
but  in  our  immediate  consciousness,  and  thus  at  the  starting-point  ol 
our  theorj*  of  knowledge,  we  have  certainly  tfl  acknowledge  that  we 
understand  the  other  person,  accept  or  do  not  accept  his  suggestion, 
agree  or  disagree  ynth  him,  before  we  know  anything  of  a  dilTcrence 
between  physical  and  mental  objects. 

We  cannot  agree  with  an  object.  We  agree  directly  with  a  will,j 
which  does  not  come  to  us  as  a  foreign  phenomenon,  but  as  a  proposi- 
tion which  we  ftccept  or  decline.  In  our  immediate  experience  will 
thus  reaches  will,  and  we  are  aware  of  the  difference  between  our  wilU_, 
attitude  as  merely  individual  and  our  will-attitude  as  act  of 
ment  with  the  will-attitude  of  other  individuals.  We  can  gn  still 
further.  The  circle  of  other  indiWduola  whose  will  we  express  in  our 
own  will-act  may  be  narrow  or  wide,  may  be  our  friends  or  the  nation,* 
and  this  relation  clearly  constitutes  the  historical  significance  of  our 
attitude.  In  the  one  case  our  act  is  a  merely  personal  choice  for 
personaJ  purposes  without  any  general  meaning;  in  the  other  caw  il 
is  the  expression  of  general  tendencies  and  hbtnrical  movements,  Yet 
our  will-decisions  can  have  connections  still  wider  than  those  with  our 
social  community  or  our  nation,  or  even  vith  all  living  men  of  to-day. 
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It  can  seek  a  relation  to  tbe  totality  oE  those  whom  we  aim  to  acknow- 
ledge as  n^al  subjects.  It  thus  becomes  independent  oi  the  chance 
experience  oi  this  or  that  man,  or  this  or  that  movement,  which 
appeals  to  us,  but  involves  in  an  independent  way  the  reference  to 
every  one  who  is  to  be  acknowledged  as  a  subject  at  all.  Such  refer- 
ence, which  is  no  longer  bound  to  any  special  group  of  historical  in- 
dividuals, thus  becomes  strictly  over-individual.  We  can  then  dis- 
criminate three  stages:  our  merely  individual  will;  secondly,  our  will 
As  bound  by  other  historical  individuab;  and  thirdly,  our  over- 
individual  will,  which  is  not  influenced  by  any  special  individual, 
but  by  the  general  demands  for  the  idea  of  a  persoiiahty. 

Each  of  those  four  great  types  of  will-attitude  which  we  insisted  00 
—  that  is,  of  submitting,  of  approving  the  given,  of  approving  change, 
aud  of  transcending — can  be  carried  out  on  these  three  atages,  that 
li,  as  individual  act,  as  historical  act,  and  as  over- individual  act. 
And  we  may  say  at  once  that  only  if  we  submit  and  approve  and 
change  and  transcend  in  an  over-individual  act,  do  we  have  Truth 
and  Beauty  and  Morality  and  Conviction.  If  we  approve,  for  instance. 
a  given  experience  in  an  individual  will-act,  we  have  simply  personal 
enjoyment  and  its  object  is  simply  agreeable;  if  we  approve  it  in  har- 
mony with  other  individuals,  we  reach  ahigherattitude.yet  ocewhich 
cannot  claim  absolute  value,  as  it  is  dependent  oo  historical  considera- 
tions and  on  the  tastes  and  desires  of  a  special  group  or  a.  school  or  a 
nation  or  an  age.  13ut  if  we  approve  tbe  given  object  jutjt  as  it  is  iu  an 
over-individual  will-act,  then  we  have  before  us  a  thing  of  beauty, 
whose  value  is  not  dependent  upon  our  personal  enjoyment  as  indi- 
viduals, but  is  demanded  as  a  joy  forever,  by  every  one  whom  we 
acknowledge  at  all  as  a  complete  subject.  In  exactly  the  same  way, 
we  may  approve  a  change  hi  the  world  from  any  individxial  point  of 
view:  we  have  then  to  do  with  technical,  practical  achievements;  or 
we  may  approve  it  in  agreement  with  others:  we  then  enter  into  the 
historical  interests  of  our  time.  Or  we  may  approve  it,  finally,  in  an 
over-individual  way,  without  any  reference  to  any  special  person- 
ality: thenonlyisitvaluableforail  time,  then  only  is  it  morally  good. 
And  Uour  will  is  transcending  experience  in  an  individual  way,  it  can 
again  claim  no  more  than  a  subjective  satisfaction  furnished  by  any 
superstition  or  hope.  But  if  the  transcending  will  is  over-individual, 
it  reaches  the  absolute  values  of  religion  and  metaphysics. 

Exactly  the  same  dificrences,  finally,  must  occur  when  our  will  sub- 
mits itself  to  experience.  This  submission  may  be,  again,  an  individ- 
ual decision  for  individual  purposes;  no  absolute  value  belongs  to  it. 
Or  it  may  be  again  a  yielding  to  the  suggestions  of  other  individuals; 
or  it  may,  finally,  again  be  an  over-individual  submission,  which  seeks 
no  longer  a  personal  interest.  This  submission  is  not  to  the  authority 
of  otliers,  and  is  without  reference  to  any  individual;  we  assume 
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that  everj-  one  who  is  to  share  with  us  our  world  of  experience  has  to 
share  this  submission  too.  That  alone  is  a  submission  to  truth,  end 
experience,  considered  in  so  far  as  we  submit  ourselves  to  it  ovcr- 
individually,  constitutes  our  knowledge. 

The  system  of  knowledge  is  thus  the  system  of  experience  with  all 
that  is  involved  in  it  in  so  far  as  it  demands  submission  from  our  over- 
individual  will,  and  the  classification  which  we  are  seeking  most  be 
thus  a  division  and  subdivision  of  our  over-individual  submissions. 
But  the  submission  itself  can  be  of  very  different  characters  and  these 
various  types  must  give  the  decpcdt  logical  principles  of  scientific 
classification.  To  point  at  once  to  the  fundamental  differences:  our 
will  acknowledges  the  demands  of  other  wills  and  of  objects.  We  can- 
not live  nur  life  —  and  this  is  not  meant  in  a  biological  sense,  but, 
first  of  all,  in  a  toleological  sense  —  our  life  becomes  meaningless,  if 
our  will  does  not  respect  the  reality  of  will-demands  and  of  objects  of 
will.  Now  we  have  seen  that  the  will  which  demands  our  decision  may 
bo  either  the  individual  will  of  other  subjects  or  the  over-individual 
will,  which  belongs  to  every  subject  oa  such  and  is  independent  of  any 
individuality.  Wc  can  say  at  once  that  in  the  same  way  we  are  led  to 
acknowledge  that  the  object  has  partly  an  over-individual  character, 
that  is,  necessarily  belongs  to  the  world  of  objects  of  every  possible 
subject,  and  partly  an  individual  charucter,  as  our  personal  object. 
We  have  thus  four  large  groups  of  experiences  to  which  we  submit 
ourselves:  over-indiridual  will-acts,  individual  will-acts,  over-indi- 
vidual objects,  individual  objects.  They  constitute  the  first  four  large 
divisions  of  our  system. 

The  over-individual  will-acts,  which  arc  as  such  telcologically  bind- 
ing for  every  subject  and  therefore  norms  for  his  will,  pve  us  the 
Normative  Sciences.  The  individual  will-acts  in  the  world  of  historical 
manifoldnees  give  us  the  Historical  Sciences,  The  objects,  in  so  far 
as  they  belong  to  every  individual,  make  up  the  physical  world,  and 
thus  give  us  the  Phyaioal  Sciences;  and  finally  the  objects,  in  so  far 
m  they  belong  to  the  Individual,  are  the  contents  of  consciousness, 
and  thus  give  us  the  Mental  Sciences.  Wc  ha%'e  then  the  demarci 
tion  lines  of  our  Brst  four  large  divisions:  the  Normative,  the  Histoi 
ical,  the  Physical,  and  the  Mental  Sciences.  Yet  their  meaning  and 
method  and  difTerence  must  be  characterised  more  fully.  We  must 
nnderetand  why  we  have  here  to  deal  with  four  absolutely  different 
types  of  scientific  systems,  why  the  over-individual  objects  lead  us 
to  general  laws  and  to  the  determination  of  the  future,  while  the  study 
of  the  individual  will-acts,  for  instance,  gives  us  the  system  of  history, 
which  turns  merely  to  the  past  and  does  not  seek  natural  laws;  and 
why  the  study  of  the  norms  gives  us  another  kind  of  systen]  in  which 
neither  a  causal  nor  an  historical,  but  a  purely  logical  connection  pre- 
vails. Yet  all  these  methodological  differences  result  nceeasarily  from 
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the  material  with  which  these  four  different  groups  of  sciencee  &re 
working. 

Let  us  start  again  from  the  consideration  of  our  original  logical 
purpose.  Wc  feci  ourselves  bound  and  limited  in  our  will  by  phy^cal 
things,  by  psychical  contents,  by  the  demands  of  other  nuiijecte,  and 
by  norms.  The  purpose  of  all  our  knowledge  is  to  de^'clo]>  completely 
all  that  is  in^'olved  in  this  bondage.  We  want  to  develop  in  an  over- 
individual  way  all  the  obligations  for  our  submission  which  are 
oeoessarily  included  In  the  given  objects  and  the  given  demands  of 
subjoctB.  We  start  of  course  everj'where  and  in  every  direction  from 
the  actual  experience,  but  we  expand  the  experience  by  seeking  those 
objects  and  those  demands  to  which,  as  necessarily  following  from  the 
immediately  ^ven  experience,  we  must  also  submit.  And  in  thus 
developing  the  whole  system  of  submissions,  the  interpretation  of 
the  experience  itself  becomes  transformed:  the  physicist  may  per- 
haps substitute  imperceptible  atoms  for  the  phj-sical  object  and  the 
psychologist  may  substitute  sensations  for  the  real  idea,  and  the 
tustorian  may  substitute  combinations  of  influences  for  the  real  per- 
sonality, and  the  student  of  norms  may  substitute  cumbinationa  of 
confiicttng  demands  for  the  one  complete  duty;  yet  in  every  case  the 
Bubstltution  is  logically  necessary  and  fumiabcs  us  what  we  call  truth 
inasmuch  as  it  is  needed  to  develop  the  concrete  system  of  our  sub- 
missions and  thus  to  express  our  confidence  in  the  order-lines  of  real- 
ity. And  each  of  these  substitutions  and  supplementations  becomes, 
as  material  of  knowledge,  itself  a  part  of  the  world  of  experience. 


3.   The  Physical  and  the  Meniai  Sdeneea 


rThe  phj'sicUt,  wo  said ,  speaks  of  the  world  of  objects  in  so  far  as 
they  belong  to  overj'  possible  subject,  and  are  material  for  a  merely 
passive  ^>ectator.  Of  course  the  pure  experience  does  not  offer  us  any- 
thing of  that  kind.  We  insisted  that  the  objects  of  our  real  life  are 
I  objects  of  our  will  and  of  our  attitudes,  and  are  at  the  same  time  un- 
differentiated into  the  physical  things  outaido  of  us  and  the  psychical 
ideas  in  us.  To  reach  the  aljstraction  of  the  physicist,  we  have  thus  to 
out  looae  the  objects  from  our  will  and  to  separate  the  over-indi\'idua] 
dements  from  the  individual  elements.  Both  transformations  are 
dearly  demanded  by  our  logical  aims.  As  to  the  cutting  loose  from  our 
will,  it  means  considering  the  object  as  if  it  existed  for  itself,  as  if  it 
I  were  a  mere  passively  given  material  and  not  a  material  of  our  pex- 

sooal  interests.  But  just  that  is  needod.  We  want  to  find  out  how 
for  we  have  to  submit  ouraelvea  to  the  object.  If  we  want  to  Uvo  our 
life,  we  must  adjust  our  attitudes  to  things,  and,  as  we  know  our  will, 
wo  must  seek  to  understand  the  other  factor  in  the  complex  experi- 
enoe,  the  object  of  our  will,  and  we  must  find  out  what  it  involves  in 
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itself.  But  we  do  not  understand  the  object  and  the  submissioD  which 
it  demands  if  we  do  not  completely  understand  its  relation  to  our 
desires.  Our  total  submission  to  the  thing  thus  involves  our  acknow- 
ledgment of  all  that  we  have  to  expect  from  it.  And  although  the 
real  experience  is  a  unity  of  will  and  thing,  we  have  thus  the  moBt 
immediate  interest  in  considering  what  we  have  to  expect  from  the 
thing  in  itself,  without  reference  to  our  will.  That  means  finding  out 
the  effects  of  the  given  object  with  a  subject  as  the  passive  spec- 
tator. We  eliminate  artificialiy.  therefore,  the  activity  of  the  subject 
and  construct  as  presupposition  for  this  circle  of  knowledge  a  nowhere 
existing  subject  without  activity,  for  which  the  thing  exists  merely 
as  a  cause  of  the  effects  which  it  produces. 

The  first  step  towards  natural  science  is,  therefore,  to  dissolve 
the  real  experience  into  thing  aod  personality;  that  is,  into  object 
and  active  subject,  and  to  eUiiiinate  in  an  artificial  abstraction  the 
activity  of  the  subject,  making  the  object  material  of  merely  passive 
awareness,  and  related  no  longer  to  the  will  but  merely  to  other 
objects.  It  may  be  more  difficult  to  understand  the  second  step  which 
naturalism  has  to  take  before  a  natural  science  is  possible.  It  must 
dissolve  the  object  of  will  into  an  over-individual  and  an  individual 
part  and  must  eliminate  the  individual.  Tliat  part  of  my  objects 
which  belongs  to  me  alone  is  their  psychical  side;  that  which  belongs 
to  all  of  us  and  is  the  object  of  ever  new  experience  is  the  physical 
object.  Asaphysicistrinthe  widest  sense  of  the  word,  I  have  to  ignore 
the  objects  in  eo  far  as  they  are  my  ideas  and  have  to  consider  the 
stones  and  the  stars,  the  inorganic  and  the  organic  objects,  as  they 
arc  outside  of  me,  material  for  every  one.  The  logical  purpose  of  this 
second  abstraction  may  be  perhaps  formulated  in  the  following  way. 

We  have  seen  that  the  purpose  of  tho  study  of  the  objects  is  to  find 
out  what  we  have  to  expect  from  them;  that  is,  to  what  effects  of  the 
given  thing  we  hare  to  submit  ourselves  in  anticipation.  The  ideal 
aim  is  thus  to  understand  completely  how  present  objects  and  future 
objects  —  that  is,  how  causes  and  effects  —  are  connected.  Tho  first 
stage  in  such  knowledge  of  causal  connections  is,  of  course,  the  obser- 
vation of  empirical  consequences.  Our  feeling  of  expectation  grows 
with  the  regularity  of  observed  succession;  yet  the  ideal  aim  can 
never  be  fulfilled  in  that  way.  The  mere  observation  of  regularities 
can  help  us  to  reduce  a  particular  case  to  a  frequently  observed  type, 
but  what  we  seek  to  understand  is  the  necessity  of  the  process.  Of 
course  we  have  to  formulate  laws,  and  as  soon  as  wo  acknowledge 
a  special  law  to  be  expressive  of  a  necessity,  the  subsumptioD  of  the 
particular  case  under  the  law  will  satisfy  us  even  if  the  necessity  of  the 
connection  is  not  recognized  ui  the  particular  case.  We  are  satisfied 
because  the  acknowledgment  of  the  law  involved  all  possible  cases. 
But  we  do  not  at  all  feel  that  we  have  furnished  »  n-al  explanation  If 
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the  law  means  to  us  merely  a  generalization  of  routine  cxpcricnere, 
and  if  thus  no  absolute  validity  is  attached  to  the  law.  This  nccosBity 
between  cause  and  effect  must  thus  have  its  ultimate  reason  in  our 
own  understanding.  We  must  be  logically  obliged  to  connect  the 
objects  in  such  a  way,  and  wherever  obsen-ation  seems  to  contradict 
that  which  is  logically  necessary,  we  must  reshape  our  idea  of  the 
object  till  the  demands  of  reason  are  fulfilled.  That  is,  we  must  sub- 
Btituto  for  the  given  object  an  abstraction  which  scr\'e8  the  purpose  of 
a  logically  necessary  connection.  That  demand  is  clearly  not  satisfied 
if  wo  simply  group  the  totahty  of  such  causal  judgments  under  the 
single  name,  Causality,  and  designate  thus  all  these  judgments  as 
results  of  a  special  disposition  of  the  understanding.  We  never  under- 
stand why  just  this  cause  demands  just  this  effect  so  long  as  we  rely 
on  such  vague  and  mystical  power  of  our  reason  to  link  the  world  by 
causality. 

But  the  situation  changes  at  once  if  we  go  still  further  back  in  the 
categories  of  our  understanding.  While  a  mere  demand  for  causality 
never  e.xplains  what  cause  is  to  be  linked  with  what  effect,  the  vague- 
neaa  disappears  when  we  understand  this  demand  for  causality  itself 
as  the  product  of  a  more  fundamental  demand  for  identity.  That  an 
object  remains  identical  with  itself  does  not  need  for  us  any  further 
interpretation.  That  is  the  ultimate  presupposition  of  our  thought, 
and  where  a  complete  identity  is  found  nollang  demands  further 
explanation.  AH  scientific  effort  aims  at  so  rethinking  different  ex- 
periences that  thpy  can  l>e  regarded  as  partially  identical,  and  every 
discovery  of  nocessary  connection  is  ultimately  a  demonstration  of 
identity.  If  we  seek  connections  with  the  final  aim  to  understand 
them  as  necessary,  we  must  conceive  tlio  world  of  our  objects  in  such 
a  way  that  it  is  possible  to  consider  the  successive  experiences  as  parts 
of  a  self-identical  world;  that  is,  as  parts  of  a  world  in  which  no  sub- 
stance and  no  energy  can  disappear  or  appear  anew.  To  reach  this  end 
it  is  obviously  needed  that  we  cUminatc  from  the  world  of  objects  all 
that  cannot  be  conceived  as  identically  returning  in  a  new  experience; 
that  is,  all  that  belongs  to  the  present  experience  only.  We  do  elimin- 
ate this  by  taking  it  up  conceptually  into  the  subject  and  calling  it 
psychical,  and  thus  leaving  to  the  object  merely  that  which  is  con- 
ceived as  belonging  to  the  world  of  everjbody 's  experience,  that  is,  of 
over-individual  experience.  The  whole  history  of  natural  science  is 
first  of  all  the  gigantic  development  of  this  transformation,  resolution, 
and  reconstruction.  The  objects  of  experience  are  re-thought  till 
everj'thing  is  eliminated  which  cannot  be  conceived  as  identical  with 
itself  in  the  experiences  of  all  individuals  and  thus  as  belonging  to  the 
over-individual  world.  All  the  substitutions  of  atoms  for  the  real  thing, 
and  of  energies  for  the  real  changes,  are  merely  conceptional  schemes 
to  satisfy  this  demand. 
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The  logically  primary  8t«p  is  thus  not  the  separation  of  the  physical 
and  the  psychical  things  plus  the  secondary  demand  to  connect  the 
physical  things  causally;  the  order  is  exactly  opposite.  The  primary 
desire  is  to  connect  the  real  objects  and  to  imderstand  them  as  causes 
and  effects.  This  iinderstanding  demands  not  only  empirical  obsen-a- 
tion,  but  insight  into  the  necessary  connection.  Necessary  connec- 
tion, on  the  other  hand,  exists  merely  for  identical  objects  and  identi- 
cal qualities.  But  in  the  various  experiences  only  that  is  identical 
which  is  independent  of  the  momentary  individual  experiences,  and 
therefore  we  need  as  the  ultimate  aim  a  reconstruction  of  the  object 
into  the  two  parts,  the  one  perceptional,  which  refers  to  our  individual 
experience;  and  the  other  conceptional,  which  expresses  that  which 
can  be  conceived  as  identical  in  every  new  experience.  The  ideal  of 
this  constructed  world  is  the  mechanical  universe  in  which  every 
atom  moves  by  causal  neces^ty  because  there  Is  nothing  in  that 
universe,  no  element  of  substance  and  no  element  of  energ)*,  which 
will  not  remain  identical  in  all  changes  of  the  universe  which  are  pos- 
sibly to  be  expected.  It  becomes  complrtcly  determinable  by  antici- 
pation and  the  system  of  our  submissions  to  the  object  can  be  com- 
pletely constructed.  The  totality  of  intellectual  efforts  to  reconstruct 
such  a  causally  connected  over-individual  world  of  objects  clearly 
represents  a  unity  of  its  own.    It  is  the  9>'stem  of  phj-aical  sciences. 

The  physical  universe  is  thus  not  the  totality  of  our  objects.  It  is  a 
substitution  for  our  real  objects,  constructed  by  eliminating  the  indi- 
vidual parts  of  our  objects  of  experience.  These  individual  parts  arc 
the  psychical  aspects  of  our  objective  experience,  and  they  clearly 
awak^  our  scientific  interest  too.  The  physical  sciences  need  thus  as 
counterpart  a  di\'i8ion  of  mental  sciences.  Their  aim  must  be  the  same. 
We  want  to  foresee  the  psychical  results  and  to  understand  causally 
the  psychical  experience.  Yet  it  is  clear  that  the  plan  of  the  mental 
sciences  must  bo  quite  different  in  principle  from  that  of  the  sciences 
of  nature.  The  causal  connection  of  the  physical  universe  was  ulti- 
mately anchored  in  the  identity  of  the  object  through  various  experi- 
ences; while  the  object  of  experience  was  p<n*fhieal  for  us  just  in  so 
far  as  it  could  never  be  conceived  oa  identical  in  different  phases  of 
reality.  The  psychical  object  is  an  ever  new  crc&tion;  my  idea  can 
never  be  your  idea.  Their  meaning  may  be  identical,  but  tho  psych- 
ical stuff,  the  content  of  my  consciousness,  can  never  be  object  for 
any  one  else,  and  even  in  myself  the  idea  of  to-day  is  never  the  Idea 
of  yesterday  or  to-morrow.  But  if  there  cannot  be  identity  in  different 
psychical  experiences,  it  ia  logically  impossible  to  connect  them 
directly  by  neceauty.  If  we  yet  want  to  master  their  successive 
appearanoe.  we  must  substitute  an  bdirect  connection  for  the  direct 
one,  and  must  describe  and  explain  the  psychical  phenomena  through 
reference  to  the  physical  world.  It  ia  in  this  way  that  modem  psycho- 
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logy  has  substituted  elemeatary  sensations  for  the  real  contenla  of 
consciousness  and  has  constructed  relations  between  these  element- 
ary mental  states  on  the  basis  of  processes  in  the  organism,  especially 
brain  processes.  Here,  again,  reality  is  left  behind  and  a  mere  concep- 
ttooal  construction  is  put  in  its  place.  But  this  construction  fullilla 
its  purpose  and  thus  gives  us  truth;  and  if  the  basis  is  once  given,  the 
psychological  sciences  can  build  up  a  causal  system  of  the  conscious 
processes  in  the  individual  man  and  Ln  society. 


4.   Ttus  Historical  and  the  NormaUve  Sciences 

Tbc  two  divisions  of  the  physical  and  mental  sciences  represent  our 
systematized  submission  to  objects.  But  we  saw  from  the  first  that  it 
is  an  artificial  abstraction  to  consider  in  our  real  experience  the  object 
alone.  We  saw  clearly  that  we,  as  acting  personalities,  in  our  will  and 
to  our  attitudes,  do  not  feel  ourselves  in  relation  to  objects,  merely ,  but 
to  will-acts;  and  that  these  will-acts  were  the  individual  ones  of  other 
subjects  or  the  over-individual  ones  which  come  to  us  in  our  conscious- 
ness of  norms.  The  sciences  which  deal  with  our  submissions  to  the 
individual  will-acts  of  others  are  the  Historical  Sciences.  Their  start' 
ing-point  is  the  same  as  that  of  the  object  sciences,  the  immediate 
experience.  But  the  other  subjects  reach  our  individuality  from  the 
start  in  a  different  way  from  the  objects.  The  wills  of  other  subjects 
como  to  us  as  propositions  with  which  we  liave  to  agree  or  disagree; 
as  suggestions,  which  we  are  to  imitate  or  to  resist;  and  they  carr>-  in 
themselves  that  reference  to  an  opposite  wtiich,  as  wc  saw,  character- 
izes all  will-activity.  The  rock  or  the  tree  in  our  surroundings  may 
stimulate  our  reactions,  but  does  not  claim  lo  be  in  itself  a  decision 
with  an  alternative.  But  the  political  or  legal  or  artistic  or  social  or 
religious  >^ill  of  wy  neighbors  not  only  demands  my  agreement  or 
disagreement,  but  presents  itself  to  me  in  its  own  meaning  as  a  free 
decision  which  rojects  the  opposite,  and  its  whole  meaniog  is  de- 
stroyed if  I  con«der  it  like  the  tree  or  the  rock  as  a  mere  phenom- 
enon, as  an  object  in  the  world  of  objects.  Whoever  has  clearly 
understood  that  politics  and  religion  and  knowledge  and  art  and  law 
como  to  me  from  the  first  quite  differently  from  objects,  can  never 
doubt  that  their  systeiuatic  connection  must  be  most  sharply  sepa- 
rated from  all  the  sciences  which  connect  impressions  of  objects,  and 
is  falsified  if  the  historical  disciplines  are  treated  simply  as  parta  of 
the  sciences  of  phenomena  —  for  instance,  as  parts  of  sociology,  the 
wnence  of  society  as  a  psycho-phj-sical  object. 

Juat  as  natural  science  transcends  the  immediately  experienced 
object  and  works  out  the  whole  system  of  our  necessary  submusaions 
to  the  world  of  objects,  so  the  historical  sciences  transcend  the  social 
will-acta  which  approach  us  in  our  immediate  experience,  and  again 
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seek  to  find  what  we  are  really  submittiog  to  if  we  accept  the  sugges-' 
tions  of  our  social  eurroundings.  And  yet  this  umilar  demand  bus 
moBt  ditislnular  oonscquoncca.  We  submit  to  an  object  and  want  to 
Bud  out  what  we  arc  really  submitting  to.  That  cannot  mean  any- 
thing else,  as  we  have  seen,  than  to  seek  the  e0ects  of  the  object  and 
thus  to  look  forward  to  what  we  have  to  expect  from  the  object. 
On  the  other  hand,  if  we  want  to  find  out  what  we  are  really  sub- 
mitting to  if  we  agree  with  the  decision  of  our  neighbor,  the  only 
meaning  of  the  question  can  be  to  ask  what  our  neighbor  really  is 
deciding  on,  what  is  contained  in  his  decision;  and  as  hia  decision 
must  mean  an  agreement  or  disagreement  with  the  will-act  of  another 
subject,  we  cannot  understand  the  suggestion  which  comes  to  us 
without  understanding  In  respect  to  what  propositions  of  others  it 
takes  a  stand.  Our  interest  is  in  this  case  tbua  led  from  thoste  sub- 
jects of  will  which  enter  into  our  immediate  experience  to  other  sub- 
jects whose  purposes  stand  in  the  relation  of  suggestion  and  demand 
to  the  present  ones.  And  if  we  try  to  develop  the  system  of  these 
relations,  we  come  to  an  endless  chain  of  will-relations,  in  which  one 
individual  will  always  points  back  in  ita  decisions  to  another  indi- 
vidual will  with  which  it  agreee  or  disagreee,  which  it  imitates  or 
overcomes  by  a  new  attitude  of  will;  and  the  whole  network  of  these 
will-relations  is  the  political  or  religious  or  artistic  or  social  history 
of  mankind.  This  system  of  hlslorj*  as  a  system  of  teleologically 
connected  will-attitudes  is  elaborated  from  the  will-propositions 
which  reach  us  in  immediate  experienee,  with  the  same  necessity 
witb  wliich.  ihe  mechanical  uuivcxse  of  natural  science  is  worked  out 
from  the  objects  of  our  immediate  experience. 

'llie  historical  8}*stem  of  will-connections  is  similar  to  the  system  of 
object-connections,  not  only  in  its  starting  in  the  immediate  experi- 
ence, but  further  in  its  also  seeking  identities.  Without  this  feature 
history  would  not  offer  to  our  understanding  real  connections.  We 
must  link  the  mil-attitudes  of  men  by  showing  the  identity  of  the 
alternatives.  Just  as  the  physical  thing  is  substituted  by  a  large 
number  of  atoms  which  remain  identical  in  the  causal  changes,  in 
the  same  way  the  personality  is  substituted  by  an  endless  raanifold- 
nesa  of  decisions  and  becomes  linked  with  the  historical  community 
by  the  thought  that  each  of  these  partial  decisions  refers  to  an  alter- 
native which  is  identical  with  that  of  other  persons.  And  yet  there 
remains  a  most  essential  difference  between  the  historical  and  the 
causal  connection.  In  a  world  of  tilings  the  mere  identical  continu- 
ity is  sufhctent  to  determine  the  phenomena  of  any  given  moment. 
In  a  world  of  will  the  identity  of  altemativea  cannot  determine  be- 
forehand (he  actual  decision;  that  belongs  to  the  free  activity  of  the 
subject.  If  this  factor  of  freedom  were  left  out,  man  would  be  made 
on  object  and  history  a  mere  appendix  of  natural  science.   The 
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tioimectlon  of  the  hifitorian  can  therefore  never  be  a  necessary  one, 
hoTvever  much  we  may  observe  empirical  regularities.  If  there  were 
DO  identities,  our  reason  could  not  find  connection  in  history;  but  if  the 
bistorical  connections  were  necessary,  like  the  causal  ones,  it  would 
not  be  history.  The  historiart  \b,  therefore,  unable  and  witlioui  the 
ambition  to  look  into  the  future  like  the  naturalist;  his  domain  is 
the  paat. 

Yet  will-attitudes  and  will-acts  can  also  be  brought  into  necessary 
Connection;  thai  is,  wc  can  conceive  witl-act£  au  teteologically  iden- 
tical with  each  other  and  exempt  from  the  freedom  of  the  individual. 
That  is  clearly  possible  only  if  they  ore  conceived  as  beyond  the  free- 
dom of  individual  decision  and  related  to  the  over-individual  subject. 
The  question  is  then  no  longer  how  tills  special  man  wills  and  decides, 
but  how  far  a  certain  wilt-decision  binds  every  possible  individual  who 
performs  this  act  if  he  is  to  shore  our  common  world  of  will  and  mean- 
ing. Such  an  over-individual  connection  of  will-acts  is  what  we  call 
the  logical  connect  ion.  It  shares  with  all  other  connections  tbcdcpcnd- 
'encc  upon  the  category  of  identity.  The  logical  connection  shows 
how  far  one  act  or  combination  of  acts  involves,  and  thus  is  partially 
identical  with,  a  new  ccmbinatioa.  This  logical  connection  has,  in 
common  with  the  causal  connection,  necessity;  and  in  common  mth 
the  historical  connection,  teleolog^cal  character.  Any  individual  viil- 

ct  of  historical  life  may  be  treated  for  certain  purposes  as  euch  a 

'■tarting-point  of  over-individual  relations;  it  would  then  lead  to  that 

Bcientific  treatment  which  gives  us  an  interpretation,  for  instance,  of 

law.   Such  interpretative  sciences  belong  to  the  system  of  hiatorj-  in 

the  widest  sense  of  the  word. 

The  chief  interest,  however,  must  belong  to  the  logical  connections 
of  those  will-acts  which  themselves  have  over-individual  character. 
A  merely  individual  proposition  can  lead  to  necessary  logical  connec- 
tion, but  cannot  claim  that  scientific  importance  which  belongs  to 
the  logical  connection  of  those  propositions  which  are  necessary  for 
the  constitution  of  every  real  experience :  the  science  of  chess  camiot 
stand  on  the  same  level  with  the  science  of  geometrj',  the  science  of 
>eal  legal  statutes  not  on  the  same  level  with  the  system  of  ethics. 

16  logical  connections  of  the  over-individual  attitudes  thus  consti- 
tute the  fourth  large  division  besides  the  physical,  the  mental,  and  the 
historical  sciences.  It  must  thus  comprise  the  systems  of  all  those 
propositions  which  are  presuppositions  of  our  common  reality,  in- 
dependent of  the  free  individual  decision.  Here  belong  the  acts  of 
approval  —  the  ethical  approval  of  changes  and  acluevements,  as 
volt  as  the  ssthctic  approval  of  the  given  world ;  the  acta  of  convic- 
tion—  the  religious  convictions  of  a  superstructure  of  the  world  as 
well  as  the  metaphysical  convictions  of  a  substructure;  and  above 
all,  the  acts  of  afhrmatiun  and  submis^on,  tlie  logical  as  well  as  the 
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mstbematical.  But  to  be  consistent  we  must  really  demand  that 
merely  the  over-individual  logical  oonnectioDS  are  treated  in  this 
divisiuD.  If  we  deal,  for  instance,  with  Che  teathetical  or  etbical  acts  as 
psychological  ejcperiencea,  or  as  hiatorical  proposiliuDs,  Ibey  belong 
to  the  pgj'chical  or  historical  diviaJon.  Only  the  phiIoi$ophical  system 
of  ethica  or  lestlietics  finda  its  place  in  this  division.  It  Is  diificult  to 
hnd  a  suitable  name  for  this  whole  system  of  logical  connections  of 
over-individual  attitudes.  Perhaps  it  would  be  most  correct  to  call  it 
the  Sciences  of  Values,  inasmuch  as  every  one  of  these  over-individual 
decisions  constitutes  a  value  in  our  world  which  our  individual  will 
finds  as  an  absolute  datum  like  the  objects  of  experience.  Seen  from 
another  point  of  view,  these  values  appear  as  norms  which  bind  our 
practical  will  inasmuch  as  these  absolute  values  demand  of  our  will  to 
reahre  them,  and  it  may  thus  be  permitted  to  designate  this  whole 
group  of  Miences  as  a  Division  of  Normative  Sciences. 

Our  logical  explanation  of  the  meaning  of  these  four  divisions 
naturally  began  with  the  interpretation  of  that  science  which  usually 
lakes  precedence  in  popular  thciught  —  with  the  science  of  nature, 
that  is,  and  passed  then  to  those  groups  whose  methodological  situa- 
tion is  seen  ratlier  vaguely  by  our  positivistic  age.  UuL  as  8>jon  as  we 
have  once  defined  and  worked  out  the  boundary  lines  of  each  of  these 
four  divisions,  it  would  appear  more  logical  to  change  their  order  and 
to  begin  tvitb  that  division  whose  material  is  those  over-individual 
will-action  wliich  all  possible  knowledge  must  depend,  and  then  to 
turn  to  those  individual  will-acts  which  determine  the  formulation 
of  our  present-day  knowledge,  and  then  only  to  go  to  the  objects  of 
knowledge,  the  uver-iudi vidua!  and  the  individual  ones.  In  short,  we 
must  begin  with  the  normative  sciences,  consider  in  the  second  place 
the  historical  sciences,  in  the  third  place  the  physical  sciences,  and 
in  the  fourth  place  the  psychical  sciences.  There  cannot  be  a  scientific 
judgment  which  must  not  find  its  place  somewhere  in  one  of  these 
four  groups.  And  yet  can  we  really  sny  that  these  four  great  divisions 
complete  the  totality  of  scientific  efforts?  The  plan  of  our  Cungreu 
contains  three  important  divisions  besides  these. 

6.   Tht  Three  I>ivi>u>n$  of  Praetiedl  Sciences 


The  three  divisions  which  still  Ue  before  us  represent  Practical 
Knowledge.  Have  we  a  logical  right  to  put  them  on  an  coital  level 
with  the  four  large  divisions  wliich  we  have  considered  so  far?  Might  it 
not  rather  be  said  thai  all  that  is  knowled^r  in  those  practical  uciences 
mujit  find  it«  place  somewhere  in  the  theoa'tical  field,  and  that  every- 
thing out«ide  of  it  is  not  knowledge,  but  art?  It  cannot  be  denied 
indeed  that  thflnpiral  position  of  the  practical  science}*  p-  -eri- 

ooi  problojan.    That  the  function  of  the  engineer  Dr  of  ti.    ;  lan. 
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of  thr:  lawyer  or  of  tKc  ministpr,  of  the  diplomAt  or  of  the  teacher, 
contains  plements  of  an  art  cannot  be  doubted.  They  all  need  not 
only  knowledge,  but  a  certain  instinct  and  power  and  skill,  and  their 
schooling  thus  demands  a  training  and  discipline  through  imitation 
which  cannot  be  siil>stiMited  by  mere  learning.  Yet  when  it  comes  to 
the  classification  of  sciencea,  it  seems  very  doubtful  whether  practical 
Mienccs  have  to  be  acknowledged  as  special  divisions,  inasmuch  as 
the  factor  of  art  must  have  been  eliminated  at  the  moment  they  are 
presented  as  sciences.  The  auscultation  of  the  physician  certainly 
demands  skill  and  training,  yet  this  practical  actJnty  itself  doe$  not 
enter  into  the  science  of  medicine  as  presented  in  medical  nTitings. 
As  MOD  aa  the  physician  begins  to  deal  with  it  scientifically,  he 
needs,  as  does  any  scholar,  not  the  stethoscope,  hut  the  pen.  He 
must  formulate  judgments;  and  as  soon  as  he  simply  describes  and 
analyzes  and  explains  and  Interprets  his  stothoscopic  experirnees. 
hie  statements  become  a  system  of  theoretical  ideas. 

We  can  say  in  general  that  the  science  of  medicine  or  of  engineering, 
of  jurisprudence  or  of  education,  contains,  as  science,  no  clement  of  art, 
but  merely  theoretical  judgmentii  which,  as  such,  can  find  their  place 
somewhere  in  the  complete  systems  of  the  theoretical  sciences.  If  the 
physician  describes  a  disea.te,  its  symptoms,  the  means  of  examining 
them,  the  remwlics,  their  therapeutical  effects,  and  the  prophylaxis, 
in  short,  everything  which  the  physician  needs  for  his  art,  he  does  not 
record  anything  which  would  not  belong  to  an  ideally  complete  de- 
scription and  explanation  of  the  processes  in  the  human  body.  In  the 
same  way  it  can  be  said  that  if  the  engineer  characterizes  the  con- 
ditions under  which  an  iron  bridge  will  bo  safe,  it  is  evident  that  he 
cannot  introduce  any  facts  which  would  not  find  their  loeirnl  place  in 
an  ideally  complete  description  of  the  properties  of  inorganic  nature; 
and  finally,  the  same  is  true  for  the  stfltejnents  of  the  politician,  the 
jurist,  the  pedagogue,  or  the  minister.  Whatever  i.s  said  about  their 
art  U  a  theoretical  judgment  whieh  comieets  facts  of  the  ideally 
complete  system  of  theoretical  science;  in  their  case  the  facta  of 
course  belong  in  first  line  to  the  realm  of  the  psychological,  his- 
torical, and  normative  sciences.  There  never  has  been  or  can  be 
practical  advice  in  the  form  of  words  which  is  not  in  principle  a  state- 
ment of  facts  which  belong  to  the  absolute  totality  of  theoretical 
knowledge.  Seen  from  this  point  of  \iow,  it  is  evident  that  all  our 
knowledge  is  fundamentally  theoretical,  and  that  the  conception  of 
practical  knowledge  is  logically  unpreciw. 

But  the  opposite  point  of  \'iew  might  also  be  taken.  It  might  be 
said  that  after  all  every  kind  of  knowledge  is  practical,  and  our  own 
deduction  of  the  meaning  of  science  might  be  said  to  suggest  such 
interpretation.  Wc  acknowledged  at  the  outlet  that  the  so-called 
theoretical  knowledge  is  by  no  means  a  passive  mirror-pic ttire  of  an 
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independent  outeide  world;  but  that  m  evcrj*  judgment  real  expe- 
rience is  remoulded  and  reshaped  In  the  scnicc  of  certain  purposes  of 
will.  Here  lies  the  true  core  of  that  growing  popular  philosophy 
of  to-day  which,  under  the  name  of  pragmatism,  or  under  other  titles, 
mingles  the  purposive  character  of  our  knowledge  and  the  evolution- 
ary theories  of  modem  biology  in  the  vague  notion  that  men  created 
knowledge  because  the  biological  struggle  for  existence  led  to  such 
views  of  the  world;  and  that  wc  coll  true  that  correlation  of  our 
experiences  which  has  approved  itself  through  its  harmony  with 
the  phylogenelic  development.  Certainly  we  must  reject  such  circle 
philosopliics.  Wc  must  sec  clearly  that  the  whole  conception  of  a 
biological  development  and  of  a  struggle  of  oi;ganism8  is  itself  only 
a  part  of  our  construction  of  causal  knowledge.  We  must  have  know- 
ledge to  conceive  ouraelvea  as  products  of  a  phylogcnetic  history*,  and 
thus  cannot  deduce  from  it  the  fact,  and,  still  less,  the  justification 
of  knowledge.  Yet  one  element  of  this  theory  remains  valuable: 
knowledge  is  indeed  a  purposive  acti\ity,  a  reconstruction  of  the 
world  in  the  service  of  ideals  of  the  wilL  We  have  thus  from  one  side 
the  suggestion  that  all  knowledge  is  merely  theoretical,  from  the  other 
side  the  claim  that  all  knowledge  is  practical  actixity.  It  seems  as  if 
both  sides  might  agree  that  it  is  superfiuoua  and  unjustified  to  make 
a  dcmarcatioa  line  through  the  field  of  knowledge  and  to  separate 
two  sorts  of  knowledge,  theoretical  and  practical.  For  both  theories 
demand  that  all  knowledge  be  of  one  kind ,  and  they  disagree  only  as 
to  whether  wc  ought  to  call  it  all  theoretical  or  all  practical. 

Yet  the  true  situation  is  not  characterized  by  such  an  antithesis. 
If  wc  say  that  all  knowledge  ia  ultimately  practical,  we  are  speaking 
from  an  epistemological  point  of  view,  inasmuch  as  we  take  it  then  as 
a  reconstruction  of  the  world  through  the  purposive  octi\nty  of  the 
ove^-indi^'idual  subject.  On  the  other  hand  it  is  an  empirical  point  of 
view  from  which  ultimately  all  knowledge,  that  of  the  physician  and 
engineer  and  lawj-er,  as  well  as  that  of  the  astronomer,  appears  theo- 
ntieaX.  But  this  entithesiB  can,  therefore,  not  decide  the  further 
empirical  question,  whether  or  not  in  the  midst  of  theoretical  know- 
ledge two  kinds  of  sciences  may  be  discriminated,  of  which  the  one 
refen  to  empirical  practical  purposes  and  the  other  not.  Such  an 
inquiry  would  have  nothing  to  do  with  the  cpistemolo^cal  problem  of 
pragmatism;  it  would  be  strictly  non-philosophical,  just  as  the  separa- 
tton  of  chemistry  into  organic  and  inorganic  chemistry.  This  empir- 
ical question  ia  indeed  to  be  answered  in  the  affirmative.  If  wc  ask 
what  causes  bring  about  a  certain  effect,  for  the  sake  of  a  practical 
purpose  of  ours, — for  instance,  the  curing  a  patient  of  a  disease,  —  no 
one  can  state  facts  which  are  not  in  principle  to  be  included  in  the 
complete  s}ntem  of  physical  causes  and  effects  and  thus  in  the  system 
of  physical  sciences.  And  yet  it  may  well  be  that  the  physical  sciences, 
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as  soch,  have  not  the  slightest  reason  to  mention  the  effect  of  that 
special  drug  on  that  special  pathological  alteration  of  the  tissues  of 
the  organism.  The  descriptions  and  explanations  of  science  are  not  a 
mere  heaping  up  of  material,  but  a  stcafly  selection  in  the  interest  of 
the  special  aim  of  the  science.  No  physical  science  describes  every 
special  pebble  on  the  beach;  no  historical  scienee  deals  with  the  chance 
happemngs  in  the  daily  life  of  any  member  of  the  crowd.  And  we 
already  well  know  the  point  of  view  from  which  the  selection  is  to  be 
performed.  We  want  to  know  in  the  physical  and  psychical  sciences 
whatever  is  involved  in  the  object  of  our  experience,  and  in  the  hig- 
torical  and  normative  sciences  whatever  is  involved  in  the  demands 
which  reach  our  will.  But  whether  wc  have  to  do  with  the  objects  or 
with  the  demands,  in  both  cases  we  have  systems  before  us  which  are 
determined  only  by  the  objects  or  demands  themselves,  without  any 
relation  to  our  individual  will  and  our  own  practical  activity.  Theo- 
retically, of  course,  our  will,  our  activity,  our  organism,  our  person- 
lity  is  included  in  the  complete  system;  and  if  we  knew  absolutely 
rery  tiling  of  the  empirical  effects  of  the  object  or  of  the  consequences 
of  these  demands,  we  should  find  among  them  their  relation  to  our 
individuft]  interests;  but  that  relation  would  be  but  one  chance 
case-among  innumerable  others,  and  the  sciences  would  not  have  the 
slightest  interest  in  giving  any  attention  to  that  particular  caae.  Thus 
if  our  knowledge  of  chemical  substances  were  complete,  we  should 
certainly  have  to  know  theoretically  that  a  few  grains  of  antlpyrino 
introduced  into  the  organism  have  an  influence  on  those  brain  centres 
which  regulate  the  temperature  of  the  human  body.  Yet  if  the  chem- 
ist does  not  share  the  interest  of  the  physician  who  wants  to  fight 
a  fever,  ho  would  have  hardly  any  reason  for  examining  this  particular 
relation,  as  it  hardly  throws  light  on  the  chemical  constitution  as 
such.  In  this  way  we  might  say  in  general  that  the  relation  of  the 
world  to  lis  as  acting  individuals  is  in  principle  contained  in  the  (ota) 
system  of  the  relations  of  our  world  of  experience,  but  has  a  strictly 
accidental  place  there  and  can  never  be  in  itself  a  centre  around  which 
the  scientific  data  are  clustered,  and  scienee  will  hardly  have  an  inter- 
est in  giving  any  attention  to  its  details. 

This  relation  of  the  world,  the  physical,  the  psychical,  the  histor- 
ical, and  the  normative  world,  to  our  individual,  practical  purposes 
can,  however,  indeed  become  the  centre  of  scientific  interest,  and  it  is 
evident  that  the  whole  inquiry  receives  thereupon  a  perfectly  new 
direction  which  demands  not  only  a  completely  new  grouping  of  facts 
atul  relations,  but  also  a  very  different  shading  in  elaboration.  As 
long  as  the  purpose  was  to  understand  the  world  without  relation  to 
our  individual  aims,  science  had  to  gather  endless  details  which  are 
for  ns  now  quite  indifferent,  as  they  do  not  touch  our  aims;  and  in 
other  respects  science  was  satisBed  with  broad  generalizations  and 
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abatractions  whore  wc  have  now  to  examine  the  most  minute  details. 
In  short,  the  shifting  of  the  centre  of  gravity  createa  perfectly  now 
scienees  which  must  be  distinguishcid ;  and  if  we  call  them  again  theo- 
retical and  practical  sciences,  it  is  clear  that  this  difTerence  haa  then 
no  longer  anything  to  do  with  the  philosophical  problems  from  which 
we  started. 

The  term  practical  may  be  preferable  to  the  other  term  which  is 
sometimes  u&ed:  Applied  Science.  If  we  construct  the  antithesis  of 
t  ht-oreiical  and  applied  science,  the  underljring  idea  is  clearly  that  wc 
have  to  do  on  the  practical  side  with  a  discipHne  which  teaches  how 
to  apply  a  science  which  logically  exists  as  such  beforehand .  Erpn- 
eering,  for  instance,  is  an  applied  science  because  it  applies  the 
science  of  physics;  but  this  is  not  really  our  deepest  meaning  here. 
Our  practical  sciences  are  not  meant  as  mere  applications  of  theo- 
retical sciences.  They  are  logically  somewhat  degraded  if  they  are 
treated  in  such  a  way.  Their  real  logical  meaning  comes  out  only  if 
they  are  acknowledged  as  self-dependent  sciences  whose  material  is 
differentiated  from  that  of  the  theoretical  sciences  by  the  different 
point  of  view  and  purpose.  They  are  methodologically  perfectly  inde- 
pendent, and  the  fact  that  a  large  part  or  theoretically  even  every- 
thing of  their  teaching  overlaps  the  teaching  of  certain  theorfttical 
sciences  ought  not  to  have  any  influence  on  their  logical  standing. 
The  practical  sciences  could  be  conceived  aa  completely  self-depend- 
ent, without  the  existence  of  any  so-called  theoretical  sciences;, 
that  is,  the  relations  of  the  world  of  experience  to  our  individual 
aims  might  be  brought  into  complete  systems  without  working  out  in 
principle  the  system  of  independent  cKpcrience.  Wc  might  have  a 
science  of  engineering  without  acknowledging  an  independent  science 
of  theoretical  physics  besides  it.  To  be  sure,  such  a  science  of  engin- 
eering would  finally  develop  itself  into  a  system  which  would  con- 
tain very  much  that  might  just  as  well  be  called  theoretical  phj-sica; 
yet  all  would  be  held  together  by  the  point  of  Wew  of  the  engineer, 
and  that  part  of  theoretical  physics  which  the  engineer  applies  might 
just  as  well  be  considered  aa  depracticalized  engineering.  If  this 
logical  self-dependence  of  the  practical  science  holds  true  even  for 
such  technological  disnplines,  it  is  still  more  evident  that  it  would 
cripple  the  meaning  and  independent  character  of  jurisprudence  and 
social  science,  or  of  pedagogy  and  theology,  to  treat  them  simply  aa 
applied  sciences,  that  is,  as  applications  of  theoretical  science. 

This  point  of  view  determines,  also,  of  course,  the  classification  of 
the  Practical  Sciences.  If  they  were  really  merely  applied  sciences 
it  would  )je  most  natural  to  group  them  accortltng  to  tho  classification 
of  tho  theoretical  acJencea  which  are  to  be  appliwl.  We  should  then 
have  applio<l  physical  ecicnoea,  applied  psychological  sciences,  applied 
historical  sciences,  and  applied  commtive  sciences.  Yet  even  from  the 
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!  Btandpoint  of  practice,  we  should  como  at  once  into  difiicultiee,  and 
indeed  much  of  the  superficiality  of  practical  scicncos  to-day  results 
from  the  hasty  tendency  to  consider  them  as  applied  acicncca  only, 
and  thus  to  be  determined  by  the  pointa  of  view  of  the  theoretical  dis- 
cipline which  is  to  be  applied.  Then,  for  instance,  pedagogy  becomes 
simply  applied  psychology,  and  the  psychological  point  of  view  is 
substituted  for  the  educational  one.  Pedagogy*  then  b(H;omes  simply 
e  selection  of  those  chapters  in  psychology  which  deal  with  the  mental 
functions  of  the  child.  Yet  as  soon  as  we  really  take  the  teachers' 
point  of  view,  we  understand  at  once  that  it  is  utterly  artificial  to  sub- 
stitute thp  cateporiea  of  the  psychologist  for  those  of  immediate 
practical  will-relations  and  to  consider  the  child  in  the  c]R»^rnom  as 
a  causal  system  of  pyscho-physical  elements  instead  of  a  personality 
which  is  teleologioally  to  tw  interpreted,  and  whose  aims  are  not  to  be 
connected  with  causal  effect*  but  with  over-individual  attitudes.  In 
this  way  the  historical  relation  and  the  normative  relation  have  to 
play  at  least  as  important  a  rOIe  in  the  pedagogical  system  as  the 
psycho-physical  relation,  and  we  might  quite  as  well  call  education 
applied  history  and  applied  ethics. 

Almost  every  practical  science  can  be  shown  in  this  way  to  apply 
a  number  of  theoretical  sciences;  it  synthesizes  them  to  a  new  unity. 
But  better,  we  ought  to  say,  that  it  is  a  unity  in  itself  from  the  start, 
and  that  it  only  overlaps  with  a  number  of  theoretical  sciences.  If 
we  want  to  elatwify  the  practical  sciences,  we  have  thus  only  the  one 
logical  principle  at  our  disposal :  we  must  classify  them  in  accordance 
with  the  group  of  human  individual  aims  which  control  those  dif- 
ferent disciplines.  If  all  practical  sciences  deal  with  the  relation  of 
the  world  of  espenence  to  our  individual  practical  ends,  the  elaaaes  of 
thoae  ends  arc  the  classes  of  our  practical  sciences,  whatever  combina- 
tions of  applied  theoretical  sciences  may  enter  into  the  group.  Of 
course  a  special  classification  of  these  aims  must  remain  somewhat 
arbitrary;  yet  it  may  seem  most  natural  to  separate  three  large  divi- 
sions. We  called  them  the  Utilitarian  Sciences,  the  Sciences  of  Social 
Regulation,  and  the  Sciences  of  Social  Culture.  Utilitarian  we  may 
call  those  sciences  in  which  our  practical  aim  refers  to  the  world  of 
things;  it  may  be  the  technical  mastenr*  of  nature  or  the  treatment 
of  the  body,  or  the  production,  distribution,  and  consumption  of  the 
means  of  support.  The  second  division  contains  ever^'thing  in  which 
our  aim  does  not  refer  to  the  thing,  but  to  the  other  subjects;  here 
naturally  belong  the  sciences  which  deal  with  the  political,  legal,  and 
social  purposes.  And  finally  the  sciences  of  culture  refer  to  those  aims 
in  which  not  the  individual  relations  to  things  or  to  othersubjeotaare 
ia  the  for^round,  but  the  purposes  of  the  teteological  development  of 
the  subject  himself;  education,  art,  and  religion  here  find  their  place. 
It  is,  of  course,  evident  that  the  material  of  these  sciences  frequently 
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allows  the  emphasis  of  different  aspects.  For  instance,  education, 
which  lums  primarily  at  self-development,  might  quite  well  be  con- 
sidered also  from  the  point  of  view  of  social  reg\iIation;  and  still 
more  naturally  could  the  utilitarian  scienceit  of  the  economic  distri- 
bution of  the  means  of  support  be  considered  from  this  point  of 
view.  Yet  a  classification  of  sciences  nowhere  suggests  by  its 
boundary  lines  that  there  are  no  relations  and  connections  between 
the  different  parts;  on  the  contrary,  it  is  just  the  manifoldness  of 
these  given  connections  which  makes  it  so  desirable  to  become  con- 
scious of  the  principles  involved,  and  thus  to  emphasize  logical 
demarcation  linm,  which  of  course  must  be  obliterated  as  soon  as 
ony  material  w  to  be  treated  from  every  possible  point  of  view.  It  may 
thus  well  be  that,  for  instance,  a  certain  industrial  problem  could  be 
treated  in  the  Normative  Sciences  from  the  point  of  view  of  ethics;  in 
the  Historical  Sciences,  from  the  point  of  view  of  the  history  of 
economic  institutions;  in  the  Physical  Sciences,  from  the  point  of 
view  of  physics  or  chemistry;  in  the  Mental  Sciences,  from  the  point 
of  view  of  Bociology;  in  the  Utilitarian  Sciences,  from  the  point  of 
view  of  medicine  or  of  engineering,  or  of  commerce  and  transporta- 
tion; and  Gnally  in  the  Regulative  Sciences,  from  the  point  of  view  of 
political  administration,  or  in  the  Social  Sciences,  from  the  standpoint 
of  the  urban  community,  and  so  on.  The  more  complex  the  relations 
are,  the  more  necessary  is  it  to  make  clean  distinctions  between  the 
different  logical  purposes  with  which  the  scientific  inquiries  start. 
Practical  life  may  demand  a  combination  of  historical,  sociological, 
psychological,  economical,  social,  and  ethical  considerations;  but  not 
one  of  these  sciences  can  contribute  its  best  if  the  consciousness  of 
these  differences  is  lost  and  the  deliberate  combination  is  replaced  by 
a  vague  mixture  of  the  problems. 

6.  The  Sybdivmoiw 

We  have  now  before  us  the  ground-plan  of  the  scheme,  the  four 
theoretical  divisions,  and  the  three  practical  divisions;  every  addi- 
tional comment  on  the  classification  must  be  of  secondary  importance, 
as  it  has  to  refer  to  the  smaller  subdivisions,  which  cannot  change  the 
principles  of  the  plan,  and  which  have  not  seldom,  indeed,  been  a  re- 
sult of  practical  considerations.  If,  for  instance,  our  Division  of  Cul- 
tural Sciences  shows  in  the  final  plan  merely  the  depanmcnta  of 
Education  and  of  Religion,  while  the  originally  planned  Department 
of  Art  is  left  out,  there  was  no  logical  reason  for  it,  but  merely  the 
practical  ground  that  it  seemed  difficult  to  bring  such  a  practical  art 
section  to  a  de^rable  scientific  level;  we  confine  art,  therefore,  to 
the  normative  resthetic  and  historical  points  of  view.  Or,  to  choose 
another  illustration,  if  it  happened  that  the  normative  sciences  vera 
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finally  organized  without  a  section  for  the  philosophy  of  law,  this  re- 
ault£d.  from  the  fact  that  the  American  jurists,  in  contrast  with  their 
Continental  European  colleagues,  showed  a  general  lack  of  appre- 
ciation  for  Buch  a  section.  A  few  sections  had  to  be  left  out  even  for 
the  chance  reason  that  the  leading  speakers  were  obliged  to  with- 
draw at  a  time  when  it  was  too  late  to  ask  substitutes  to  work  up 
addresses.  And  almost  everywhere  there  had  to  be  something  arbi- 
trary in  the  limitation  of  the  special  sections.  Though  Otology  and 
Laryngology  were  brought  together  into  one  section,  they  might  just 
as  well  have  been  placed  in  two;  and  Rhinology,  which  was  left  out, 
might  have  been  added  as  a  third  in  that  company.  As  to  this  sub- 
tier  ramification,  the  plan  has  been  changed  several  times  during  the 
period  of  the  practical  preparation  of  Che  plan,  and  much  is  ihe  result 
of  adjuBtment  to  quctitiuns  of  personal  it  ies.  No  one  claims,  thus, 
any  spe<7ia1  logical  value  fur  the  final  formulation  of  tlie  sectional 
details,  for  which  our  chief  aim  was  not  to  go  beyond  eight  times 
sixteen,  that  is  128,  sections,  inasmuch  as  it  was  planned  to  have 
the  meetings  at  eight  different  ttiue-periods  in  sixteen  different  halls. 
If  we  bad  fulfilled  all  the  wishes  which  were  expressed  by  specialists, 
the  number  would  have  been  quickly  doubled. 

Yet  a  few  remarks  may  be  devoted  to  the  branching  off  within  the 
seven  divisions,  as  a  short  discussion  of  some  of  these  details  may 
throw  additional  light  on  the  general  principles  of  the  whole  plan.  If 
wo  thus  begin  with  the  Normative  Sciences,  wo  stand  at  once  before 
one  feature  of  the  plan  which  has  been  in  an  especially  high  degree 
a  matter  of  both  approval  and  criticism:  the  fact  that  Mathematics 
a  grouped  with  Philosophy.  The  Division  was  to  contain,  as  we  have 
seen,  the  systems  of  logically  connected  will-acts  of  the  over-indiWd- 
ual  subject.  That  Ethics  or  Logic  or  Alethetics  or  Philosophy  of 
Beligion  deals  with  such  over-individual  attitudes  cannot  be  doubted ; 
but  have  wc  a  right  to  coordinate  the  mathematical  sciences  with 
these  philosophical  sciences?  Has  Mathematics  not  a  more  natural 
place  among  the  physical  sciences  coordinated  with  and  introductory 
to  Mechanics,  Physics,  and  Astronomy?  llio  mathematicians  them- 
selves would  often  be  inclined  to  accept  without  hesitation  this  neigh- 
borhood of  the  physical  sciences.  Tlicy  would  say  that  the  mathe- 
matical objects  arc  independent  realities  whose  properties  wc  study 
like  those  of  nature,  whose  relations  we  "observe,"  whose  existence 
we  "  diacover,"  and  in  which  we  are  interested  because  they  belong  to 
the  real  world.  All  this  is  true,  and  yet  the  objects  of  the  mathema- 
tician arc  objects  made  by  the  logical  will  only,  and  thus  different 
from  all  phenomena  into  which  sensation  entere.  The  mathema- 
tician, of  couise,  does  not  reflect  on  the  purely  logical  origin  of  the 
objects  which  he  studies,  but  the  system  of  knowledge  must  give  to 
the  study  of  the  mathematical  objects  its  place  in  the  group  where  the 
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functions  and  products  of  the  over-individual  attitudea  are  classifi&d. 
The  mathematical  object  is  a  free  creation,  and  a  creation  not  only 
as  to  the  combination  of  elements  —  that  would  bo  the  case  with 
many  laboratory  substances  of  the  chemist  too  —  but  a  creation  na  to 
the  cicmenta  themselves,  and  the  value  of  that  creation,  its  "mathe- 
matical interest,"  is  to  be  judged  by  ideals  of  thought;  that  is,  by 
logical  purposes.  No  doubt  this  logical  purpose  is  its  application  tn 
the  world  of  objects  and  the  mathematical  concepts  must  thus  fit  the 
objective  world  bo  absolutely  that  mathematics  can  be  conceived  as  a 
description  of  the  world  after  abstracting  not  only  from  the  will-rela- 
tions, as  physics  does,  but  also  from  the  content.  Mathematics  would, 
then,  be  the  phenomenalistic  science  of  the  form  and  order  of  the 
world.  In  this  way,  mathematics  has  indeed  a  claim  to  places  tn  both 
divisions:  among  the  physical  sciences  if  we  emphasiae  its  applica- 
bility to  the  world,  and  among  the  teleological  sciences  if  we  empha- 
size the  free  creation  of  the  objects  by  the  logical  will.  But  if  we  really 
go  back  to  epiatemological  principles,  our  system  has  to  prefer  the 
latter  emphasis;  that  is,  we  must  coordinate  mathematics  with  logic 
and  not  with  physics. 

As  bo  the  subdivision  of  philosophy,  it  is  most  essential  for  us  to 
point  to  the  negative  fact  that  of  course  psychology  cannot  have  a 
place  in  the  philosophical  department,  as  part  of  the  Mormativc  Divi- 
sion. There  is  perliaps  no  science  whose  position  in  the  system  of 
knowledge  offers  so  many  methodological  difficulties  as  psychology. 
Historical  tradition  of  course  links  it  with  philosophy:  throujthout  a 
great  part  of  its  present  endeavors  it  is,  on  the  other  hand,  linked  with 
physiology.  Thus  we  find  it  sometimes  oVinlinated  with  logic  and 
ethics,  and  sometimes,  especially  in  the  classical  positivistic  B>'9teros, 
coordinated  with  the  sciences  of  the  organic  functions.  We  have  seen 
why  a  really  logical  treatment  has  to  disrt^anl  those  historical  and 
practical  relations  and  has  to  separate  the  psychological  sciences  from 
the  philosophical  and  the  biological  sciences.  Yet  even  this  does 
not  complete  the  list  of  problems  which  must  1>e  settled,  inasmuch 
as  modem  thinkers  have  frtjqncntly  iaRisted  that  paychologj'  itself 
allows  a  twofold  aspect.  We  can  have  a  psycholngy  which  describes 
and  explains  the  mental  life  by  analyzing  it  into  its  elements  and  by 
connecting  these  elements  through  causality.  But  there  nrny  he 
another  psychology  which  treats  inner  life  in  that  immediate  unity  in 
which  we  experience  it  and  seeks  to  interpret  it  aa  the  free  fimetion 
of  personality.  This  latter  kind  of  psychology  has  been  called  vohin- 
taristic  psychology  as  against  the  phenumcnoUBtic  p6ychoIog>-  which 
scdcs  description  and  explanation.  Such  voluntaristlc  psychology 
would  clearly  l>e]ong  again  to  n  dtfTercnt  division.  It  would  be  a 
theory  of  individual  life  as  a  (unction  of  A-ill,  and  would  thus  be 
introductor}-  to  the  historical  sciences  and  to  the  Dommtivc  sciences 
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too.  Yet  we  left  out  this  tcleological  peycbology  from  our  programme, 
&s  such  a  science  is  as  yd  a  programme  only.  Wherever  an  (?Sort  is 
made  to  realize  it,  it  becomes  an  odd  mixture  of  an  inoonsistcat  phts 
nomenalifltic  peychology  on  the  one  side,  and  philosophy  of  history, 
logic,  ethics,  and  esthetics  on  the  other  side.  The  only  science  which 
really  has  a  right  to  coll  itself  psychology  is  the  one  which  tseek&  to 
describe  and  to  explain  inner  life  and  trcaU  it  therefore  as  a  system 
of  psychical  objects,  that  is,  as  contents  of  consciousness,  that  is,  as 
phenomena.  Fsycholugy  belongs,  then,  in  the  general  division  of 
psychical  sciences  as  over  against  physical  sciences,  and  both  deal 
with  objects  as  over  against  philosophy  and  history,  which  deal  with 
subjects  of  will. 

The  subdivision  of  the  Historical  Sciences  offers  no  methodological 
diihculty  as  soon  as  those  cpistemological  arguments  are  acknow- 
ledged by  which  we  sharply  distinguish  historj'  from  the  Physical 
and  Mental  Sciences.  H  history  is  a  system  of  will-relations  which 
is  in  teleological  connection  with  the  will-demands  that  surround  us, 
then  pohtical  historj-  loses  its  predominant  rflle,  and  the  history  of 
law  and  of  literature,  of  language  and  of  economy,  of  art  and  relig- 
ion, become  coordinated  with  pohtical  development,  while  the  mere 
anthropological  aspect  of  man  is  relegated  to  the  physical  sciences. 
The  more  complete  original  scheme  was  here  again  finally  condensed 
for  practical  reasons;  for  instance,  the  planned  departments  on  the 
Hii^tory  of  iiducation,  on  the  History  of  Science,  and  on  the  Hiat^^ry 
of  FhJIoBOphy  were  sacrificed,  and  the  department  of  Economic  His- 
tory was  joined  to  that  of  Political  History.  In  the  same  way  we  fell 
(ibligcd  to  omit  in  the  end  many  important  sections  in  the  depart- 
ments; we  had,  for  instance,  in  the  History  of  Language  at  first  a  sec- 
tion on  Slavic  Languages;  yet  the  number  of  scholars  iutcrctited  was 
too  small  to  justify  its  existence  beside  a  section  on  Slavic  Literature. 
Also  the  History  of  Music  was  omitted  from  the  History  of  Art;  and 
the  History  of  Law  was  planned  at  firat  with  a  fuller  ramification. 

The  division  of  Physical  Sciences  naturally  suggcatcd  that  kind  of 
subdivision  which  the  positivistic  classification  presenta  as  a  com- 
plete system  of  sciences.  Considering  physics  and  chemistry  as  the 
two  fundamental  sciences  of  general  laws,  we  turn  first  to  astronomy, 
then  from  the  science  of  the  whole  universe  to  the  one  planet,  to  the 
sciences  of  the  earth :  thence  to  the  living  organisms  on  the  earth;  and 
from  biology  to  the  still  narrower  circle  of  anthropology.  The  special 
classification  of  physics  offora  a  certain  difficulty.  To  divide  it  in  text- 
book fashion  into  sound,  light,  elcctriotty,  etc.,  seems  hardly  in  har- 
mony with  the  effort  to  seek  logical  principles  in  the  other  parts  of  the 
classification.  Hie  three  groups  which  we  finally  formed,  Physics  of 
Hatter,  Ph)*sica  of  Kther,  and  Physics  of  Electron,  may  appear  some- 
what too  much  iniluenoed  by  the  latest  theories  of  to-day,  yet  it 
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seemed  preferable  to  other  principles.  In  the  biological  department, 
criticism  seems  justified  in  view  of  the  fact  that  we  constructed 
a  special  section,  TTuman  Anatomy.  A  stnctly  lo^cal  scheme  might 
have  acknowledged  that  human  anatomy  is  to-day  not  a  separate 
science,  end  that  it  has  resolved  itself  into  comparative  anatomy. 
Sections  of  Invertebrate  and  Vertebrate  Anatomy  might  have  been 
more  salisfactoiy.  The  final  arrangement  was  a  concession  to  the 
practical  interests  of  the  physicians,  who  have  naturally  to  emphasize 
the  anatomy  of  the  human  organism. 

In  the  division  of  Mental  Sciences,  we  have  the  Department  of 
Sociology.  We  were,  of  course,  aware  that  the  sociological  interest 
includes  not  only  the  psycholopcal,  but  also  the  physiological  life 
of  society,  and  that  it  thus  has  relations  to  the  physical  sciences 
too.  Yet  these  relations  arc  logically  not  more  fundamental  than 
those  of  the  individual  mental  life  to  the  functions  of  the  indi- 
vidual organism.  Much  of  the  physiological  side  was  further  tn 
be  handed  over  to  the  Department  of  Anthropology,  and  thus  we 
felt  justified  in  grouping  sociology  with  psychologj-  under  the  Men- 
tal Sciences,  as  the  psychology  of  the  social  organism.  Here,  too, 
a  Iai:ger  number  of  sections  was  intended  and  only  the  t\^'o  most 
eesential  ones,  Social  Structure  and  Social  Psychology,  were  finally 
admitted. 

The  ramifications  of  the  prac^cal  sciences  hod  to  follow  the  general 
principle  that  thdr  character  Is  determined  by  purpose  and  not  by 
material.  The  difficulty  was  here  merely  in  the  extreme  specialization 
of  the  practical  disciplines,  which  suggests  on  the  whole  the  forming  of 
very  small  units,  while  our  plan  was  to  provide  for  fifty  practical  boc- 
tions  only.  It  seemed,  therefore,  incongruous  to  have  the  whole  of 
Internal  Medicine  or  the  whole  of  Private  Law  condensed  into  one 
eeolion.  Yet  as  the  purpose  of  the  scheme  was  a  theoretical  and  not  a 
practical  one,  even  where  the  theory  of  practical  sciences  was  in  ques- 
tion, we  felt  justified  in  constructing  coordinated  sections, even  where 
tho  practical  importance  was  very  unequal  On  the  other  hand,  some 
glaring  defects  juat  here  are  due  merely  to  chance  circumsUnces. 
That  there  were,  for  instance,  no  sections  on  Criminal  Law  or  Eccle- 
uaatteal  Law  in  the  Department  of  Jurisprudence,  nor  on  Legal  Pro- 
cedure, resulted  from  the  unfortunate  accident  that  in  these  cases  the 
speakera  who  were  to  come  from  Europe  were  withheld  by  illness  or 
public  duties.  The  absence  of  the  Department  of  Art  in  the  Division 
of  Social  Culture,  and  thus  of  the  Sections  on  the  theory  and  practice 
of  the  different  arts,  has  been  explained  before.  It  Is  eTidcnt  that 
also  in  the  Economical  Department  the  practical  development  haa 
interfered  with  the  original  symmetrical  arrangement  of  the  Bee- 
tions.  This  is  not  true  of  the  Religious  Department,  whose  fAx 
sections  express   the  tendencies  of  the  original  plan.    The  fre- 
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quently  expressed  criticism  that  the  different  religions  and  thdr 
denotiiinationB  ought  to  have  found  place  there  Hhon-s  a  mis- 
conci>ption  of  our  purpose;  a  Parliament  of  RcUgion  did  not  belong 
to  this  plan. 

Ill 

THE  RESULTS  OF  THE  CONGRESS 


The  programme  of  the  Congress,  as  outlined  in  the  previous 
[pageSt  was  in  this  case  somewhat  more  than  a  mere  programme.  It 
lot  only  invited  to  do  a  piece  of  work,  but  it  sought  to  contribute  to 
the  work  Itself.  Yet  the  chief  work  had  to  be  dune  by  others,  and 
t^ir  part  needed  careful  preparation.  Yet  very  little  of  the  prepar- 
ation showed  itself  to  the  eyes  of  the  larger  public,  and  few  were  fully 
fcware  what  a  complex  organization  was  growing  up  and  how  many 

arsons  of  mark  were  couperatlng. 

It  was  essential  to  fmd  fur  ever}-  address  the  best  man.  Specialists 
only  could  suggest  to  the  committ(«H  where  to  fuid  him.  It  has  been 
told  before  how  our  invitations  were  brought  to  the  foreigners  first 
till  the  desired  number  of  foreign  participants  was  secured,  and  how 
Jjthe  Americans  followed.  As  could  not  be  otherwise  expected,  iiiterfer- 

ices  of  all  kinds  disturbed  the  ideal  contiguration  of  the  first  list  of 
ept&nccs;  substitutes  had  sometimes  to  bo  relied  on;  and  yet, 
when  on  the  nineteenth  of  September  President  Francis  welcomed  the 
Congress  of  Arts  and  Science  in  the  gigantic  Festival  Hall  of  the  St. 
Louis  Exposition,  the  Committee  knew  that  almost  four  hundred 
speakers  had  completed  their  manuscripts,  and  that  it  was  a  galaxy 
vhich  far  surpassed  in  importance  that  of  any  previous  international 
congrcaa.  And  the  lirit  nf  those  who  stood  for  the  succees  of  the  work 
was  not  confined  to  the  official  speakeis.  Each  Department  and  each 
SecUon  hod  its  own  honorary  President,  who  was  also  chosen  by  the 
consent  of  leading  specialists  and  whog^e  introductory  remarks  were  to 
give  additional  importance  to  the  gathering.  At  their  side  stood  the 
hundred  and  thirty  Secretaries,  carefully  chosen  from  among  the  pro- 
ductive scholars  of  the  younger  generation.  And  a  large  number  of 
informal,  yet  officially  invited  contributors,  had  announced  valuable 
disciisaiona  and  addresses  for  olmost  every  Section.  Invitations  to 
membership  finally  had  been  sent  to  the  universities  and  scholariy 
aocietics  of  all  countries. 

That  the  turmoil  of  a  world's  fair  is  out  of  harmony  with  the 
scholar's  longing  for  repose  and  quietude  is  a  natural  presupposilioa, 
which  has  not  been  disproved  by  the  experience  of  St.  Louis.  When 
Professor  Ncwcomb,  our  President,  spoke  to  the  opeaing  assembly  on 
the  dignity  of  scholarship,  the  scholar's  peaceful  address  was  accentu- 
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atcd  by  the  thunder  of  the  cannons  with  which  Boer  and  British 
Eoroca  were  pla>*ing  at  war  near  by.  The  roaring  of  tlie  Pike  over- 
powered many  a  quiet  session,  and  the  patient  speaker  had  Dot  seldom 
to  fight  heroically  with  a  brass  band  on  the  next  lawn.  The  trains 
were  delayed,  trunks  were  mixed  up,  and  the  sultry  St.  Louis  weather 
stirred  much  secret  longing  for  the  seashore  and  the  mountains,  which 
moat  had  to  leave  too  early  for  that  pilgrimage  to  the  Misi^ssippi 
Valley.  Yet  all  this  could  have  been  easily  foreseen,  and  every  one 
knew  that  all  this  would  soon  be  forgotten.  Tlie«e  slight  discomforts 
were  many  times  made  up  for  by  the  ovenvliclniing  beauty  of  that 
ivory  city  in  which  the  civilization  of  the  world  was  focused  by  the 
unil«tl  energy  of  the  nations^  EUid  it  seemed  well  worth  while  tu  cmss 
the  ocean  for  the  delight  uf  that  enchantment  which  came  with  every 
evening's  myriad  ilhunination.  And  every  day  brought  interesting 
festivities.  No  one  will  forget  the  receptions  of  the  foreiga  commis- 
sioners, or  the  chamurig  hospitality  of  the  leading  citizens  of  St.  Louis, 
or  the  enthusiastic  banquet  which  brought  ooe  thousand  speakers 
and  presidents  and  oflicial  members  of  the  Congress  together  as  guests 
of  the  master  mind  of  the  Exposition^  President  Francis. 

While  tlic  discomfort  of  external  shortcomings  was  thus  easily  bal- 
anced, it  is  more  doubtful  whether  the  internal  shortcomings  of  the 
work  can  be  considered  as  fully  compensated  for.  It  would  bo  impos- 
sible to  overlook  these  defects  in  the  realisation  of  our  plans,  even  if  it 
may  be  acknowledged  that  they  were  unavoidable  under  the  given 
conditions.  The  principal  difBculty  has  been  that  many  speakers 
have  not  really  treated  the  topic  for  the  discussion  of  which  they  were 
invited.  This  doviatioD  from  the  plan  took  various  forma.  There  was 
ia  some  cases  a  fundamental  attitude  taken  which  did  not  harmonize 
with  those  logical  principles  which  had  led  to  the  classihcntion;  for 
instance,  wc  had  ^arply  separated,  for  reasons  fully  stated  above, 
the  Division  of  History  from  the  Division  of  Mental  Sciences,  includ- 
ing sociology;  yet  some  papers  for  the  Division  of  History  clearly 
indicated  sympathy  with  the  traditional  positivistic  view,  according 
to  which  history  becomes  simply  a  part  of  sociologj-.  And  similar 
variations  of  the  general  plan  occur  in  almost  every  divinon.  But 
there  caimot  be  any  objection  to  this  secondary  variety  as  long  as  the 
whole  framework  givra  the  primary  uniformity.  Ortainly  no  one  of 
the  contributons  is  to  be  blamed  for  it;  no  one  was  pledged  to  the 
philosophy  of  the  general  plan,  and  probably  few  would  have  agreed 
if  any  one  had  had  the  idea  of  demanding  from  every  contributor  an 
identical  background  of  general  convictions.  8uch  monotony  would 
have  been  even  harmful,  as  the  work  would  bare  become  inexpressive 
of  the  richness  of  tendencies  in  the  scholarly  life  of  our  time.  This  was 
not  an  ocoaaion  where  educated  clerks  were  tu  work  up  in  a  second- 
baDd  way  a  report  whose  general  trend  was  determined  beforehand; 
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the  nork  demanded  original  thinkers,  with  whom  every  word  grows 
out  of  a  rich  individual  new  of  tho  totality.  If  ovcry  paper  had  bf^en 
meant  merely  as  a  detailed  amplification  of  the  lexical  principles 
which  the  whole  plan  was  based  ^  ii  would  have  been  wiacr  to  set 

>ung  Doctor  candidates  to  work,  who  might  have  elaborated  the 
hint  of  the  general  scheme.  To  invite  the  leaders  of  knowledge  meant 
to  ^ve  them  complete  freedom  and  to  confine  the  demands  of  the  plan 
to  a  mo8t  general  direction. 

The  same  freedom,  which  every  one  was  to  have  aa  to  the  general 

indpoint,  was  intended  also  for  all  with  regard  to  the  arrangement 
ind  limitation  of  the  topic.  All  the  sectional  addreeses  were  supposed 
to  deal  either  with  relations  or  with  fundamental  problems  of  to-day. 
It  would  have  been  absurd  to  demand  that  in  every  oaae  the  totality 
of  relations  or  of  problems  ^ould  be  covered  or  even  touched.  The 
result  would  have  become  perfunctory  and  insignificant.  No  one 
intended  to  produce  a  cyclopedia,  it  was  essential  everywhere  to 
select  chat  which  was  most  characteristic  of  the  tendencies  of  the  age 
and  most  promising  for  the  science  of  the  twentieth  century.  Those 
problems  were  to  be  emphasized  whose  solution  is  most  demanded  for 
the  immediate  progress  of  knowledge,  and  those  relations  had  to  be 
selected  through  which  new  connections,  new  synthetic  thoughts 
prepare  themselves  to-day.  That  this  selection  had  to  be  led  to  the 
spKaker  was  a  matter  of  course. 

Yet  it  may  be  said  that  in  all  these  directiona,  with  reference  to  the 
general  standpoint  and  with  reference  to  problems  and  relations^ 
the  Organizing  Committ'ec  had  somewhat  prepared  the  choice  through 
the  selection  of  the  speakers  themselves.  As  the  standpoints  of  the 
leading  npeakcra  were  well  known,  it  was  not  difficult  to  invite  as  far 
as  poeaible  for  every  place  a  scholar  whose  general  views  would  be 
least  out  of  harmony  with  the  principles  of  the  plan.  For  instance^ 
when  we  had  the  task  before  us  of  selecting  thediviskmal  speakers  for 
the  Normative  and  for  the  Mental  Sciences,  it  was  only  natural  to 
invite  for  the  firet  a  philosopher  of  idealistic  type  and  for  the  latter  ft 
philosopher  of  poeitivistic  stamp,  inasmuch  as  the  whole  scheme  gave 
to  the  mental  sciences  the  same  place  which  they  woold  have  had  in 
a  pofiitivistic  scheme,  while  the  normatire  sciences  would  have  lost 
the  meaning  which  they  had  in  our  plan  if  a  posLtivist  had  simply 
psychologized  them,  in  the  same  way  we  gave  preference  as  far  as 
pottible,  for  the  addresses  on  relations,  to  those  scholars  whose  pre* 
vious  work  was  eoneenieii  with  new  synthetic  niovements,  and  as 
speakers  on  problems  those  were  invited  who  were  in  any  case 
engaged  in  the  solution  of  those  problems  which  seemed  central  in 
the  present  state  of  science.  Tlius  it  was  that  on  the  whole  the  ex- 
pectation was  justified  that  the  most  characteristic  relatibnff  and  the 
most  ctuu'acteriatic  problems  would  be  selected  if  every  invited 
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speaker  spoke  essentially  on  those  relations  and  on  those  problems 
with  which  his  own  special  work  was  engaged. 

Yet  there  is  no  doubt  that  this  expectation  was  Bometimcs  ful- 
filled be^'ond  our  anticipation,  in  an  amount  of  specialization  which 
was  no  longer  entirely  in  harmony  with  the  general  character  of  the 
undertaking.  The  general  problem  has  become  sometimes  only  the 
Btaning-point  or  almost  the  pretext  for  speaking  on  some  relation 
or  problem  !?o  detailed  that  it  can  hardly  stand  as  a  representative 
symbol  of  the  whole  movement  in  that  sectional  field.  Especially  in 
the  prnctiral  sciences  more  room  was  sometimes  taken  for  particu- 
lar hobbi^-s  and  chance  aspects  than  in  the  eyes  of  the  originators  the 
occasion  may  have  called  for.  Yet  on  the  whole  th«  was  the  excep- 
tion. The  overwhelming  majority  of  the  addresses  fulfilled  nobly  the 
high  hopes  of  the  Boards,  and  even  in  those  exceptional  case^  where 
the  speaker  wont  his  own  way,  it  was  usually  such  an  original  and 
stimulating  ejcpression  of  a  strong  pcrwinalit}*  that  no  one  would  care 
to  miss  this  tone  in  tlic  symphony  of  science. 

Even  now  of  course,  though  the  Congress  days  have  passed,  and 
only  typewritten  manuscripts  arc  left  from  all  those  September 
meetings,  it  would  be  easy  lo  provide,  by  editorial  efforts,  for  a  greater 
uniformity  and  a  smoother  harmonization.  Most  of  the  authors 
would  have  been  quite  willing  to  retouch  their  addresses  in  the 
interest  of  greater  objective  uniformity  and  to  accept  the  hint  of  an 
editorial  committee  in  elaborating  more  fully  some  points  and  in  con- 
densing or  eliminating  others.  Much  was  written  in  the  desire  to  bring 
a  certain  thought  for  discussion  before  such  an  eminent  audience, 
while  the  speaker  would  be  ready  to  substitute  other  features  of  the 
subject  for  the  permanent  form  of  the  printed  volume.  Vet  such 
editorial  ^uper^*ision  and  transformation  would  be  not  only  immodest 
but  dangerous.  We  might  risk  gaining  some  external  uniformity,  but 
only  to  lose  much  of  the  freshness  and  immediacy  and  brilliancy  of 
the  first  presentation.  And  who  would  dare  to  play  the  critical  judge 
when  the  international  eontributora  are  the  leaders  of  thought? 
There  was  therefore  not  the  slightest  effort  made  to  suggest  revision 
of  the  manuscripts,  for  which  the  whole  responsibility  must  thus  fall 
to  the  particular  author.  The  reduction  to  a  uniform  language 
seemed.nn  the  other  hand,  most  natural,  and  thtwe  who  had  delivered 
their  addresses  in  French,  German,  or  Italian  thcmsolves  welcomed 
the  idea  that  their  papers  should  be  translated  into  English  by  com- 
petent sfierialists.  The  short  bililiograpliies.  selected  mostly  thmugb, 
the  etminnan  of  the  departmeni^.  and  the  very  full  index  with  refer- 
ences  may  add  to  the  general  usefulness  of  the  eight  volumes  In  which 
the  work  is  to  be  presented. 

Dul  the  significance  of  the  Cangross  of  Arts  and  Science  ought  not 
to  be  measured  and  valued  only  liy  reference  to  this  printed  result 
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It«  leas  visible  aide-effects  seem  in  no  vrny  less  important  for  scholar- 
ship, and  they  are  fourfold.  There  was,  first,  the  personal  contact 
between  the  scholarly  public  and  the  leaders  of  thought;  there  was, 
Becondly,  the  firat  academic  alliance  between  the  Tnited  States  and 
Europe;  there  was,  thirdly,  the  first  demonstration  of  a  world  con- 
gress crystallized  about  one  problem;  there  was,  fourthly,  the  unique 
accentuation  of  the  thought  of  unity  in  all  human  science;  and  each 
of  these  four  movements  will  be  continued  and  reinforced  bj'  the  pub- 
lication of  these  proceedings. 

The  first  of  these  four  features,  the  contact  of  the  scholarly  public 
with  the  best  thinkcre  of  our  time,  had,  to  be  sure,  its  limitations.  It 
was  not  sought  to  create  a  really  popular  congress.  Neither  the  level 
of  the  addresses,  nor  the  size  of  the  halls,  nor  the  number  of  invita- 
tions sent  out,  nor  the  general  conditions  of  a  world's  fair  at  which 
the  expense  of  living  is  high  and  the  diatrnctions  thousandfold, 
favored  the  attx-ndanco  of  crowds.  It  was  planned  from  the  first  that 
on  the  whole  schotnra  and  specialists  should  attend  and  that  the  army 
should  be  made  up  essentJally  of  officers.  If  in  an  astronomical  section 
perhaps  thirty  men  were  present,  among  whom  pmcticQlly  every  one 
was  among  the  best  known  directors  of  obser\'atories  or  professors  of 
mathematics,  astronomy,  or  physics,  from  all  countries  of  the  globe, 
much  more  wa.'i  gained  than  if  three  thousand  had  been  in  the  audi- 
ence, brought  together  by  an  interest  of  curiosity  in  moon  and  stars. 
For  the  most  part  there  must  have  been  between  a  hundred  and  two 
hundred  in  each  of  the  128  sectional  meetings,  and  that  was  more 
than  the  organizers  expected.  This  direct  influence  on  the  inter- 
ested public  is  now  to  be  expanded  a  thousandfold  by  the  mission 
work  of  these  volumes.  The  concentration  of  these  hundreds  of 
addresses  into  a  few  days  made  it  in  any  case  imposaible  to  listen  to 
more  than  to  a  small  fraction;  these  volumes  will  bring  at  last  all 
speakers  to  coordinated  effectiveness;  and  while  one  hall  suffered 
from  bad  acoustics,  another  from  bad  ventilation,  and  a  third  from 
the  passing  of  the  intcrmural  trains,  here  at  least  is  an  audience  in 
which  nothing  will  disturb  the  sensitive  ner\'e8  of  the  willing  follower. 

But  much  more  emphasis  is  due  to  the  second  featuro.  The  Con- 
greffl  was  an  epoch-making  event  for  the  international  world  of 
schularsbip  from  the  fact  that  it  was  the  first  great  undertaking  in 
which  the  Old  and  the  New  Worlds  stood  on  equal  levels  and  In  which 
Europe  really  became  acquainted  with  the  scientific  life  of  these 
United  Statea.  The  contact  of  scholarship  between  America  and  Eu- 
rope has,  indeed,  grown  in  importance  through  many  decades.  Many 
American  students  had  studied  in  European  and  especially  in  German 
tiniverBities  and  had  come  back  to  fill  the  professorial  chwrs  of  the 
leading  academic  institutions.  The  spirit  of  the  Graduate  School  and 
Uie  work  towards  the  Doctor's  degree,  yes,  the  whole  productive 
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scholarship  of  recent  decades  had  been  influenced  by  European  ideals, 
and  the  results  were  no  longer  ignored  at  the  seat«  of  learning  tlirough- 
out  the  whole  world.  European  scholars  had  here  and  there  come  as 
visiting  lecturers  or  as  assimilated  instriictors,  and  a  few  American 
scholars  belonged  to  the  leading  European  Academies.  Yet,  whoever 
knew  the  real  development  of  American  post-graduate  university  life, 
the  rapid  advance  of  geJ3uine  American  scholarship,  the  incomparable] 
progress  of  the  scientific  institutions  of  the  New  World,  of  their  libra- 
ries and  laboratories,  museums  and  associations,  was  well  aware  that 
Europe  had  hardly  noticed  and  certainly  not  fully  understood  the 
gigantic  strides  of  the  countrj'  which  seemed  a  rival  only  on  commer- 
cial and  industrial  ground.  Europe  was  satisfied  with  the  traditional 
ideas  of  America's  scientific  standing  which  reflected  the  situation  of] 
thirty  years  ago,  and  did  not  understand  that  the  changes  of  a  few 
lustres  mean  in  the  New  World  more  than  under  the  firmer  traditions 
of  Europe.  American  scientific  literature  was  still  neglected;  Ameri- 
can universities  treated  in  a  condescending  and  patronizing  spirit 
and  with  hatxily  any  awareness  of  the  fundamental  differences  in  the 
institutions  of  the  two  sides.  Tboee  European  scholars  who  crossed 
the  ocean  did  it  with  missionary,  or  perhaps  with  leas  unselfish,  inten- 
tions, and  the  Americans  who  attended  European  congresses  were 
mostly  treated  with  the  friendliness  which  the  self-satisfied  teacher 
shows  tfl  a  promising  pupil.  The  time  had  really  come  when  the  con- 
trast between  the  real  situation  and  the  traditional  construction 
became  a  danger  for  the  scientific  life  of  the  time.  Both  sides  had  to 
suffer  from  it.  The  Americans  felt  that  their  serious  and  important 
achievements  did  not  come  to  their  fullest  effectiveness  through  the 
insistent  neglect  of  those  who  by  the  tradition  of  centuries  hod 
become  the  habitual  guardians  of  scientific  thought.  A  kind  of  feeling 
of  dependency  as  it  usually  develops  in  weak  colonies  too  often 
dcpreesed  the  conscientious  scholarship  on  American  soil  as  the  result 
of  this  undue  condescension.  Yet  the  greater  harm  was  to  the  other 
side.  Once  before  Europe  hati  had  the  experience  of  surprise  when 
American  successes  presented  themselves  where  nothing  of  that  kind 
was  anticipated  in  the  Old  World.  It  was  in  the  field  of  economic 
life  that  Europe  looked  down  patronizingly  on  America's  industrial 
efforts,  and  yet  before  she  was  fully  aware  how  the  change  resulted, 
suddenly  the  warning  signal  of  the  "American  danger"  was  heard 
everywhere.  TTie  surprise  in  the  intellectual  field  will  not  be  less. 
The  un preparedness  was  certainly  the  same.  Of  course,  there  cannot 
Im?  any  danger  of  rivalry  in  the  scientific  field,  inasmuch  as  science 
known  no  competition  but  only  cooperation.  And  yet  It  cannot  be 
without  danger  for  European  science  If  it  willfully  neglects  and  reck- 
lessly ignores  this  eager  working  of  the  modem  America.  For  both 
sides  a  change  in  the  situation  was  thus  not  only  desirable,  but  neccft- 
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•aiy;  and  to  prepare  this  change,  to  substitute  knowledge  for  ignor- 
ance, nothing  could  have  been  more  effective  than  this  CosgrMB  of 
Arts  and  Science. 

Even  if  we  abstract  from  the  not  inconsiderable  number  of  tho«e 
^European  scholars  who  followed  naturally  in  the  path  of  the  tnvit«U 
guests,  and  if  we  consider  merely  the  function  of  these  invited  par- 
ticipants, the  importance  of  the  procedure  is  evident.  More  than  a 
hundred  leading  scholars  from  all  Kuropean  countries  came  under 
^tonditioDB  nrhcre  academic  fcUo^'ship  on  an  equal  footing  was  a  nece9- 
Leary  part  of  the  work.  There  was  not  the  slightest  premium  held  out 
.which  might  have  attracted  them  had  not  real  interacadcmic  iDtereet 
brought  them  over  the  ocean,  and  no  missionary  spirit  was  appealed 
to,  oa  evcT^'thing  was  equally  divided  between  American  and  foreign 
contributors.  It  was  a  real  featt  of  international  scholarship,  in 
which  the  importance  and  the  number  of  foreigners  stamped  it  as 
the  6rat  significant  alltanceof  the  spirit  of  learning  in  the  New  and  the 
Old  Worlda.  And  it  was  eawntially  for  this  purptisc  that  the  week  of 
personal  int'Ormingling  in  St.  Louis  itself  xv&r  proo(vled  and  followed 
by  happy  weeks  of  visits  to  leading  univerNties.  Almost  every  one 
of  thoae  one  hundred  European  s«^holars  visited  Har\'ard  and  Yale, 
.Chicago  and  Johns  Hopkins,  Cnlumhia  and  Pennsylvania,  saw  the 
aurea  of  Washington  and  examined  the  exhibitions  of  American 
Scholarship  in  the  World's  Fair  itaelf.  The  change  of  opinion,  the  dis- 
Bppeftrance  of  prejudice,  the  groft-th  of  confidence,  the  personal  inter- 
collegiate ties  which  resulted  from  all  that,  have  been  evident  sinco 
.those  days  all  over  Europe.  And  it  is  not  surprising  that  it  i.s  just 
the  most  famous  and  moat  important  of  the  visitors,  famous  and  im- 
portant through  their  width  and  depth  of  Wew,  whose  expression 
of  appreciation  and  admiration  for  the  new  aehievementa  has  been 
loudest. 

We  insisted  that  the  effectiveness  of  the  Congress  showed  itself  in 
two  other  directions  still :  on  the  one  aide,  there  was  at  last  a  congress 
with  a  unified  programme,  a  congress  which  stood  for  a  definite 
thought,  and  which  brought  all  its  efforts  to  bear  on  the  solution  of 
one  problem.  There  seemed  a  far-reaching  agreement  of  opinion  that 
this  new  principle  of  congress  administration  had  Bucceasfully  with- 
stood the  test  of  practical  realization.  Mere  conglomerations  of  un- 
connected meetings  with  casual  programmes  and  unrelated  papers 
cannot  claim  any  longer  to  represent  the  only  possible  form  of  inter- 
national gatherings  of  scholars.  More  than  that,  their  superfluous 
and  disheartening  character  will  be  felt  in  future  more  strongly 
than  before.  No  congress  will  appear  fully  justified  whose  printed 
proceedings  do  not  show  a  real  plan  in  its  programme.  And  the 
ronsciousnesa  of  this  mission  of  the  Congress  will  certainly  be  again 
reinforced  by  the  publication  of  these  volumes,  inasmuch  as  it  is 
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evident  that  the)'  represent  a  substantial  contribution  to  the  kooi 
ledge  of  our  time  whtcb  would  not  have  been  inade  without  the 
special  stimuiating  occasion  of  the  Congress. 

And,  Gnally,  whether  such  a  congress  is  held  again  or  not,  the 
impulse  of  this  one  cannot  be  lost  on  account  of  the  special  end  tOj 
which  all  its  efforts  liave  been  directed:  the  unity  of  scientiSc  know-' 
ledge.  We  bad  emphasized  from  the  first  that  here  was  the  centre 
of  our  purposes  in  a  time  whose  scientific  specialiEnlion  necessanly 
involves  a  scattering  of  scholarly  work  and  which  yet  in  its  deepest 
meaning  strives  for  a  new  s>'Qthesia,  for  a  new  unity,  which  is  to  give 
to  all  this  Bcatterod  labor  a  real  dignity  and  8igni6cance;  truly 
nothing  was  more  needed  than  an  intense  accentuation  of  the  internal 
harmony  of  all  human  knowledge.  But  for  that  it  is  not  enough  that 
the  masses  feci  instinctively  the  deep  need  of  such  unifying  move- 
ments, nor  is  it  enough  that  the  philosophers  point  with  logical  argu- 
ments towards  the  new  synthesis.  The  philosopher  can  only  stand  by 
and  point  the  waj*;  the  specialists  themselves  must  go  the  way.  And 
here  at  last  they  have  done  so.  Leaders  of  thought  have  interrupted 
their  specialistic  work  and  have  left  their  detailed  inquiries  to  seek 
the  fimdamcntal  eonceptif>ns  and  methods  and  principles  which  bind 
all  knowledge  together,  and  thus  to  work  towards  that  unity  from 
which  all  special  work  derives  its  meaning.  Whether  or  not  their 
cooperation  has  produced  anything  which  is  final  is  a  question  almost 
insignificant  compare*!  with  the  fundamental  fact  that  they  cooper- 
ated at  all  for  this  ideal  s}'nthetic  purpose.  This  fact  can  never  lose 
its  influence  on  the  scholarly  effort  of  our  age,  and  will  certainly  find 
its  strongest  reinforcement  in  this  unified  publication.  It  has  ful- 
filled its  noblest  purpose  if  it  adds  strength  to  the  deepest  movement 
of  our  time,  the  movement  towards  unity  of  meaning  in  the  scattered 
manifoldness  of  scientific  endeavor  with  which  the  twentieth  century 
has  opened. 
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As  we  look  at  the  assemblage  gathered  in  this  hall,  cnmprising  so 
many  names  of  widest  renown  in  every  branch  of  learning,  —  we 
might  almost  say  in  evorj*  field  of  human  endeavor,  —  the  first  in- 
quiry suggested  must  be  after  the  object  of  our  meeting.  The  answer 
is,  that  our  purpose  corresponds  to  the  eminence  of  the  assemblage. 
We  aim  at  notliing  less  than  a  survey  of  the  realm  of  knowledge,  as 
comprehensive  as  is  permitted  by  the  limitations  of  time  and  space. 
The  organiwra  of  our  Congreaa  have  honored  me  with  the  charge  of 
preeeniing  such  preliminary  view  of  its  field  as  may  make  clear  the 
spirit  of  our  undertaking. 

Certain  lendcncies  characteristic  of  the  science  of  our  day  clearly 
suggest  the  direction  of  our  thoughts  most  appropriate  to  the  or- 

'eoaioD.  Among  the  strongest  of  these  is  one  toward  laying  greater 
stress  on  questions  of  the  beginning  of  things,  and  regarding  a  know- 

''ledge  of  the  laws  of  development  of  any  object  of  study  &»  necessary 
to  the  understanding  of  its  present  form.  It  may  lie  conceded  that 
the  principle  here  involved  is  as  applicable  in  the  broad  field  before 
us  as  in  a  special  research  into  the  properties  of  the  minuteat  or- 

[gaoism.   It  therefore  seems  meet  that  we  should  begin  by  inquir- 
what  agency  ha«  brought  alwiit  the  remarkable  development 

'o(  science  to  which  the  world  of  to-tlay  Iwars  witness.  This  view  is  re- 
cogniiM^d  in  the  plan  of  our  prnccetlings,  by  providing  for  each  great 
department,  of  knowledge  a  review  of  its  progress  during  the  century 
that  has  elap-srsl  since  the  great  event  commemorated  by  the  scenes 
outside  this  hall.  But  such  reviews  do  not  make  up  that  general 
survey  of  science  at  large  which  is  necessary  to  the  development  of 
our  theme,  and  which  must  include  the  action  of  causes  that  had 
their  origin  long  before  our  time.   The  movement  which  culminated 
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in  making  the  Dinctectith  century  e\'cr  memorable  in  history  is  the 
outcome  of  a  long  series  of  causes,  acting  through  many  ccnturiee, 
which  are  worthy  of  especial  attention  on  such  an  occasion  as  this. 
In  setting  them  forth  we  should  avoid  laying  stress  on  those  visible 
manifestations  which,  striking  the  eye  of  every  beholder,  are  in  no 
danger  of  being  overlooked ,  and  search  rather  for  those  agencies  whose 
activities  underlie  the  whole  visible  scene,  but  which  are  liable  to  be 
blotted  out  of  sight  by  the  verj'  brilliancy  of  the  results  to  which  they 
have  given  rise.  It  is  easy  to  draw  attention  to  the  wonderful  qualities 
of  the  oak;  but  from  that  very  fact,  it  may  be  nei>dful  to  point  out 
that  the  real  wonder  lies  concealed  in  the  acorn  from  which  it  grew. 

Our  iaquir>'  into  the  logical  order  of  the  causes  which  have  made 
our  civilization  what  it  is  to-day  will  be  facilitated  by  bringing  to 
mind  certain  elementary  considerations  —  ideas  so  famili&r  that 
setting  them  forth  may  seem  like  citing  a  body  of  truisms  —  and 
yet  so  frequently  overlooked^  not  only  individually,  but  in  their 
relation  to  each  other,  that  the  conclusion  to  which  they  lead  may  be 
lost  to  »ght.  One  of  these  propositions  is  that  psychical  rather  than 
material  causes  are  those  which  we  should  regard  as  fundamental  in 
directing  the  development  of  the  social  oi^aniam.  The  human 
intellect  is  the  really  active  agent  in  every  branch  of  endeavor,  — 
the  primum  mobile  of  civilization, — and  all  those  material  mani- 
festations to  which  our  attention  is  bo  often  directed  arc  to  be  re- 
garded as  secondary'  to  this  ^rst  agency.  If  it  be  true  that  "in  the 
world  is  nothing  great  but  man;  in  man  is  nothing  great  but  mind," 
then  should  the  kej-note  of  our  discourse  be  the  recognition  of  this 
first  and  greatest  of  powers. 

Another  well-known  fact  is  that  those  applications  of  the  forces 
of  nature  to  the  promotion  of  human  welfare  which  have  made  our 
age  what  it  is,  are  of  such  comparatively  recent  origin  that  we  need 
go  back  only  a  single  cent\ir>'  to  antedate  their  most  important  fe«- 
ture«,  and  scarcely  more  than  four  centuries  to  find  their  beginning. 
It  follows  that  the  subject  of  our  inquiry  should  be  the  commence- 
ment, not  many  centuries  ago,  of  a  certain  new  form  of  intellectual 
acti\ity. 

Having  gained  this  point  of  \-iew,  our  next  inquiry  mil  be  into  the 
nature  of  that  activity,  and  its  relation  to  the  stages  of  progress 
which  preceded  and  followed  its  beginning.  The  superficial  observer, 
who  sees  the  oak  but  foi^ets  the  acora,  might  tell  us  that  the  special 
qualities  which  have  brought  out  such  great  results  are  expert 
scientific  knowledge  and  rare  ingenuity,  directed  to  the  application 
of  the  powers  of  steam  and  electricity.  From  this  point  of  view  the 
great  inventors  and  the  great  captains  of  industry  were  the  Srst 
agents  in  bringing  about  the  modem  era.  But  the  more  careful 
inquirer  will  see  that  the  work  of  these  men  was  possible  only  through 
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Jt  knowledge  of  th«  lai^-s  of  tuiture,  which  had  been  gained  by  men 
whose  work  took  precedence  of  thein  in  logical  order,  and  that 
Bucoesa  in  invention  baa  been  meanured  by  cotnpleteneea  in  such 
knowledge.  While  giving  all  due  honor  to  the  great  inventors,  let 
UB  remember  that  the  first  place  is  that  of  the  great  iuvestigators. 
^  whose  forceful  intellect*  opened  the  way  to  secrets  previously  hidden 
from  men.  Let  it  be  an  honor  and  not  a  reproach  to  these  men,  that 
tliey  were  not  actuated  by  the  love  of  gain,  and  did  not  keep  utilita- 
rian ends  in  view  in  the  pursuit  of  their  researches.  If  it  seems  that  in 
neglecting  such  ends  they  were  leaving  ludone  the  most  important 
part  of  their  work,  let  us  remember  that  nature  turns  a  forbidding 
face  to  those  who  pay  her  court  with  the  hope  of  gain,  and  is  respons- 
ive only  to  those  suitors  whose  love  for  her  is  pure  and  undefUed. 
Not  only  is  the  special  genius  required  in  the  investigator  not  that 
generally  best  adapted  to  appljnng  the  discoveries  which  he  makes, 
but  the  result  of  his  having  sordid  ends  in  view  would  be  to  na> 
I  row  the  field  of  his  efforts,  and  exercise  a  depressing  effect  upon  his 
fftctivitics.  The  true  man  of  science  has  no  such  expression  in 
bia  vocabular)'  as  "useful  knowledge."  His  domain  is  as  wide 
aa  nature  itself,  and  he  best  fulfills  his  mission  when  he  leaves  to 
others  the  task  of  applying  the  knowledge  he  gives  to  the  world. 

We  have  here  the  explanation  of  the  well-known  fact  that  the 
foQctions  of  the  investigator  of  the  laws  of  nature,  and  of  the  in- 
ventor who  applies  these  laws  to  utilitarian  purposes,  are  rareJy 
united  in  the  game  person.  If  the  one  conspicuous  exception  which 
the  past  century  presents  to  this  nUe  is  not  unique,  wc  should  prob- 
ably have  to  go  back  to  Watt  to  find  another. 

From  this  viewpoint  it  is  clear  that  the  primary  agent  in  the 
movement  which  has  elevated  man  to  the  masterful  position  he  now 
occupies,  is  th^  scientific  investigator.  He  it  is  whose  work  has  de- 
prived plague  and  pestilence  of  their  terrors,  allcWated  human  suffer^ 
ing,  girdled  the  earth  with  the  electric  wire,  bound  the  continent 
wiUi  the  iron  way,  and  made  neighbors  of  the  most  distant  nations. 
Aa  the  first  agent  which  has  made  possible  this  meeting  of  his  t^ 
prcaentatives,  let  his  evolution  be  this  day  our  worthy  theme.  As  we 
follow  the  e^'olution  of  an  organism  by  studying  the  stages  of  its 
growth,  so  we  have  to  show  how  the  work  of  the  scientific  invcsti" 
gator  is  related. to  the  ineffectual  efforts  of  his  predecessors. 

In  our  time  we  think  of  the  process  of  development  in  nature  as 
going  continuoxisly  forward  through  the  combination  of  the 
'bppoM!*  processes  of  evolution  and  dissolution.  The  tendency  of  our 
thought  has  been  in  the  direction  of  banishing  cataclysms  to  the 
theological  limbo,  and  viewing  nature  as  a  sleepless  plodder,  en- 
dowed with  infinite  patience,  waiting  through  long  ages  for  restdta. 
I  do  not  contest  the  truth  of  the  principle  of  continuity  on  which 
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this  view  la  based.  But  it  fails  to  make  known  to  us  the  whole  tnith. 
The  building  of  a.  8lii|>  from  tlic  time  tliat  her  keel  k  laid  until  flhe  i& 
making  lier  way  uc ross  the  ocean  ia  a  slow  and  gradual  prooww;  yet 
there  is  a  cataclysmic  epoch  opening  up  a  new  era  in  her  htittory.  It 
is  the  moment  when,  after  lying  for  months  or  ycarH  a  dead,  inert, 
immovable  rnasy,  she  is  suddenly  endowed  with  the  jKiwer  of  motion, 
and,  as  if  imbued  with  life,  ^ides  into  the  stream,  eager  to  begin  the 
career  for  which  she  was  designed. 

I  think  it  is  thus  in  the  development  of  humanity.  Long  ages 
may  pass  during  which  a  race,  to  all  external  observation, appears  to 
t>e  making  no  rt\il  pmgress.  Additions  may  be  made  to  learning,  and 
the  reconls  of  liifitory  may  constantly  grow,  but  there  is  nothing  in 
its  sphere  of  thought,  or  in  the  features  of  its  life,  that  can  be  called 
essentially  new.  Yet,  nature  may  Iiavc  been  all  along  slowly  working 
in  a  way  which  evades  our  scrutiny  until  the  result  of  her  operations 
suddenly  appears  in  a  new  and  revolutionary  movement,  carrying 
the  race  to  a  higher  plane  of  civilization. 

It  is  not  diOicult  to  piiint  out  such  epochs  in  human  progress.  The 
greatest  of  all,  because  it  was  the  first,  is  one  of  which  we  find  no 
record  either  in  written  or  geological  history.  It  was  the  epoch  when 
our  progenitors  first  took  conscious  thought  of  the  morrow,  first  used 
the  crude  weapons  wltich  nature  had  placed  within  their  reach  to 
kill  their  prey,  first  built  a  fire  to  warm  their  bodies  and  cook  their 
food.  I  love  to  fancy  that  there  was  some  one  first  man,  the  Adam 
of  evolution,  who  did  all  this,  and  who  used  the  power  thus  acquired 
to  show  hia  fellows  how  they  might  profit  by  his  example.  When 
the  members  of  the  tribe  or  community  which  he  gathered  around 
him  began  to  concdve  of  life  as  a  whole,  —  to  include  yesterday,  to- 
day, and  to-morrow  in  the  same  mental  grasp  — to  Uiink  how  they 
might  apply  the  gifts  of  nature  to  their  own  uses,  —  a  movement 
was  begun  which  shoidd  ultimately  lead  to  civilization.  l| 

Long  indeed  must  have  been  the  ages  required  for  the  development' 
of  this  rudest  primitive  community  into  the  civilization  revi-alwi  to 
US  by  the  most  ancient  tablets  of  Eg>'pt  and  Assyria.    After  spoken 
language  was  developed,  and  after  the  rude  representation  of  ideaaj 
by  visible  marks  drawn  to  resemble  them  had  long  been  practiced^ 
some  Cadmus  roust  have  invented  an  alphabet.    Whefi  the  use  of 
written  language  was  thus  introduced,  the  word  of  oommand  cee 
to  be  confined  to  the  range  of  the  human  voice,  and  it  becnnie 
nble  for  master  minds  to  extend  their  influence  as  far  as  a  writt«n 
message  could  be  ciuriod.    Then  were  communitira  gathered  into 
provinces;    provinces  into  kingdoms;    kingdoms  into  the  great 
empires  of  antiquity.    Then  arose  a  stage  of  civilizarion  which  we 
find  pictured  in  the  most  ancient  records, — a  stsge  in  which  men 
were  governed  by  laws  that  were  |)erh&ps  as  vfiaeiy  ndapted  to  their 
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cunditions  as  our  laws  are  to  ours, — in  which  the  phenomena  of 
natuD!  were  rudrly  observed,  and  striking  occurrencta  in  the  earth 
or  in  the  heavejin  n^orded  in  the  annats  of  the  nation. 

Vast  was  the  progress  of  knowledge  during  the  inten-al  between 
tiieee  empires  and  the  century  in  which  modern  Bcience  began.  Yet, 
if  1  am  right  in  making  a  distinction  between  the  bIuw  and  reguUr 
Btepe  of  progress,  each  growing  naturally  out  of  that  which  preceded 
it,  and  the  entrance  of  the  mind  at  some  fairly  definite  epoch  into  an 
entirety  new  spluTe  of  activity,  it  vmuld  apjwar  that  there  waa  only 
one  sucli  epucli  during  the  entire  inter\'al.  This  was  when  abstract 
[geometrical  reasoning  commenced,  and  astronomical  observations 
uming  at  precision  were  recorded,  compared,  and  discussed.  Closely 
)ciated  with  it  must  have  been  the  construction  of  the  fonns  of 

51c.  Tlie  radieaJ  difference  between  the  demonstration  of  a  theorem 
if  geometry  and  the  reasoning  of  every-day  life  which  the  massee  of 
men  must  have  practiced  from  the  beginning,  and  which  few  even 
lo-day  ever  get  beyond,  is  so  evident  at  a  glanco  that  I  need  not 
dwell  upon  it.  The  principal  feature  of  this  advance  is  that,  by  one 
if  those  antinomies  of  the  human  intellect  of  which  examples  are  not 
[wanting  even  in  our  own  time,  the  development  of  abstract  ideas 
preceded  the  concrete  knowledge  of  natural  phenomena.  When  we 
reflect  that  in  the  goomclry  of  Euclid  the  science  of  space  was 
brought  to  such  logical  perfection  that  even  to-day  its  teachers  are 
not  agreed  as  to  the  practicability  of  any  great  improvement  upon 
it,  we  cannot  avoid  the  feeling  that  a  very  slight  change  in  the 
direction  of  the  intellectual  activity  of  the  Greeks  would  have  led  to 
the  beginning  of  natural  science.  But  it  would  seem  that  the  very 
purity  and  perfection  which  was  aimed  at  in  their  system  of  geometry 
stood  in  the  way  of  any  extension  or  application  of  its  methods  and 
spirit  to  the  field  of  nature.  One  example  of  this  is  worthy  of  atten- 
tion. In  modern  teaching  the  idea  of  magnitude  as  generated  by 
motion  is  freely  introduced.  A  line  is  described  by  a  moving  point; 
a  plane  by  a  moving  line;  a  solid  by  a  moving  plane.  It  may,  at  first 
«ght,  seem  singular  that  this  conception  finds  no  place  in  the  Euclid- 
tan  system.  But  we  may  regard  the  omission  as  a  mark  of  logical 
purity  and  rigor.  Had  the  real  or  supposed  advantages  of  introduc- 
ing motion  into  geometrical  conceptions  been  suggested  to  Euclid, 
we  may  suppose  him  to  have  replied  that  the  theorems  of  space  are 
independent  of  time;  that  the  idea  of  motion  necessarily  implica 
time,  and  that,  in  consetiuence,  to  avail  ourselves  of  it  would  be  to 
introduce  an  extraneous  element  into  geometry. 

It  is  quit€  possible  that  the  contempt  of  the  ancient  philosophers 
for  the  practical  application  of  their  science,  which  has  continued,  in 
some  form  to  our  own  time,  and  which  is  not  altogether  unwholeeome, 
waa  a  povrerfui  factor  in  the  same  direction.    The  result  was  that. 
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in  keeping  geometry  pure  from  ideas  which  did  not  belong  to  it,  it 
failed  to  fonn  what  might  othem'Lsc  h&vc  been  the  ba^  of  physical 
science.  Its  founders  missed  the  diitcover}'  thAt  methods  similar  to 
those  of  geometric  demonstration  could  be  extended  Into  other  and 
wider  fields  than  that  of  space.  Thus  not  only  the  development  of 
applied  geomctr}*,  but  the  reduction  of  other  conceptions  to  a  rigorous 
mathematical  form  was  indefinitely  postponed. 

Astronomy  is  necessarily  a  ecience  of  obsen'ation  pure  and  simptc, 
in  which  experiment  can  have  no  place  except  as  an  ausilinrj'.  The 
vague  accounts  of  striking  celestial  phenomena  handed  down  by  the 
priests  and  astrologers  of  antiquity  were  followed  in  the  time  of  the 
Greeks  by  observations  having,  in  form  at  least,  a  rude  approach  to 
precision,  though  nothing  like  the  degree  of  precision  that  the  astro- 
nomer of  to-day  would  reach  with  the  naked  eye,  aided  by  such 
iDstrumenta  as  he  could  fashion  from  the  tools  at  the  command  of 
the  ancients. 

The  nide  observations  commenced  by  the  Babylonians  were 
continued  with  gradually  improving  instrumcats,  —  first  by  the 
Greeks  and  afterward  by  the  Arabs,  —  but  the  results  failed  to  afford 
any  insight  into  the  true  relation  of  the  earth  to  the  hcavena.  What 
was  most  remarkable  in  this  failure  is  that,  to  take  a  first  step  forward 
which  would  have  led  on  to  succeaa,  no  more  was  neoessarj*  than  a 
course  of  abstract  thinking  vaatly  easier  than  tbat  required  for  work* 
ing  out  the  problems  of  geometry.  That  space  is  infinite  is  an  unex- 
preeeed  axiom,  tacitly  assumed  by  Euclid  and  his  successors.  Com- 
bining this  with  the  most  elementarj'  consideration  of  the  properties 
of  the  triangle,  it  would  be  seen  that  a  body  of  any  given  siie  could 
be  placed  at  such  a  distance  in  space  as  to  appear  to  us  like  a  point. 
Hence  a  body  as  large  as  our  earth,  which  was  known  to  be  a  globe 
from  the  time  that  the  ancient' Fhtcniciana  navigated  the  Mediter- 
ranean, if  placed  in  the  heavens  at  a  sufficient  distance,  would  look 
like  a  star.  The  obvious  conclusion  that  the  stars  might  be  bodies 
like  our  globe,  shining  either  by  their  own  light  or  by  that  of  the  sun, 
woiild  have  been  a  first  step  to  the  underatanding  of  the  true  system 
of  the  world. 

There  is  historic  evidence  that  this  dedurtion  did  not  wholly 
escape  the  Greek  thinkers.  It  is  true  that  the  critical  student  will 
assign  little  weight  to  the  current  belief  that  the  vague  theory  of 
Fythagoraa  —  that  fire  was  at  the  centre  of  all  things  —  implies  a 
conception  of  the  heliocentric  theory  of  the  solar  system.  But  the 
testimony  of  Archimedes,  confused  though  it  is  in  fonn,  Iraves  no 
Bcrioua  doubt  that  Aristarchits  of  Samoa  not  only  propounded  the 
view  that  the  earth  revolvee  both  on  its  own  axis  and  around  the  sun, 
but  that  he  correctly  removed  the  great  etumbling-block  in  the  way 
pf  this  theory  by  adding  that  the  distance  of  the  fixed  stare  was 


EVOLUTION  OF  THE  SCIENTmC  INVESTIGATOR    141 

infinitely  greater  than  the  dimensions  of  the  earth's  orbit.  Even  the 
world  of  philosophy  was  not  yet  ready  for  this  conception,  and,  so  far 
from  seeing  the  reasonableness  of  the  explanation,  we  find  Ptolemy 
arguing  against  the  rotation  of  the  earth  on  grounds  which  careful 
observations  of  the  phenomena  around  him  would  have  ahown  to  be 
iU-founded. 

Physical  ecieace,  if  we  can  apply  that  t«nn  to  an  uncoordinated 
body  of  facts,  was  successfully  cultivated  from  the  earliest  times. 
Something  must  have  been  known  of  the  properties  of  metals,  and 
the  art  of  extracting  them  from  thoir  ores  must  have  been  practiced, 
from  the  time  that  coins  and  medals  were  first  stamped.  The  pro- 
perties of  the  most  common  compounds  were  discovered  by  alchem- 
ists in  their  vain  search  for  the  philosopher's  stone,  but  do  actual 
prcygress  worthy  of  the  name  rewarded  the  practitioners  of  the  black 
art. 

Perhajw  the  first  approach  to  a  correct  method  was  that  of  Archi- 
iinedes,  who  by  much  thinking  worked  out  the  law  of  the  lever, 
■^Teached  the  conception  of  the  centre  of  gravity,  and  demonstrated 
the  first  principles  of  hydrostatics.  It  is  remarkable  that  he  did  not 
extend  his  reeearches  into  the  phenomena  of  motion,  whether  spon- 
taneous or  produced  by  force.  The  stationarj'  condition  of  the  human 
intellect  is  most  strikingly  illustrated  by  the  fact  that  not  until  the 
lime  of  Leonardo  wa«  any  substantial  advance  made  on  hits  discovery. 
To  sum  up  in  one  oeiitence  the  must  characterisuc  feature  of  ancient 
and  medieval  acletice,  we  see  a  notable  contrast  between  the  precision 
of  thought  implied  in  the  construction  and  demonstration  of  geo- 
metrical theorems  and  the  vogue  indefinite  character  of  the  ideas  of 
natural  phenomena  generally,  a  contrast  which  did  not  disappear 
until  the  foundations  of  modem  science  began  to  be  laid. 

We  should  miss  the  most  essential  point  of  the  difference  between 
medieval  and  modern  learning  if  we  looked  upon  it  as  mainly  a  differ- 
ence either  in  the  precision  or  the  amount  of  knowledge.  The  devel- 
opment of  both  of  these  qualities  would,  under  any  circumstances, 
have  been  slow  and  gradual,  but  sure.  We  can  hardly  suppose  that 
any  one  generation,  or  even  any  one  century,  would  have  seen  the 
complete  substitution  of  exact  for  inexact  ideati.  Slowness  of  growth 
Is  as  inevitable  in  the  case  of  knowledge  as  in  that  of  a  growing  organ- 
ism. The  most  essential  point  of  difference  is  one  of  those  seemingly 
slight  ones,  the  importance  of  which  we  are  too  apt  to  overlook.  It 
was  like  the  drop  of  blood  in  the  wrong  place,  which  some  one  has 
told  us  makes  all  the  difference  between  a  philosopher  and  a  maniac. 
It  was  all  the  difference  between  a  U\-ing  tree  and  a  dead  one,  between 
an  inert  mass  and  a  growing  organism.  The  transition  of  knowledge 
from  the  dead  to  the  living  form  must,  in  any  complete  review  of  the 
subject,  be  looked  upon  as  the  really  great  event  of  modem  tlmea. 
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Before  this  event  the  intellect  was  bound  down  by  a  scholasticiEin ' 
which  regarded  knowledge  as  a  rounded  whole,  the  parts  of  which 
were  written  in  booka  and  carried  in  the  minds  of  learned  men.  The 
student  was  taught  from  the  beginning  of  his  work  to  look  upon 
authority  as  the  foundation  of  his  beUefs.  The  older  the  authority  the 
greater  the  weight  tt  carried.  So  effective  was  this  teaching  ih&t  it 
seems  never  to  have  occurred  to  indi^-idual  men  that  they  had  all  the 
opportunities  ever  enjoyed  by  Aristotle  of  discovering  truth,  with  the 
added  advantage  of  all  his  knowledge  to  begin  with.  Advanced  as 
was  the  development  of  formal  logic,  that  practical  logic  was  wanting 
which  could  see  that  the  last  of  a  series  of  authorities,  everj'  one  of 
which  rested  on  those  which  preceded  it,  could  never  form  a  s\irer 
foundation  for  any  doctrine  than  that  supiHied  by  its  original  pro- 
pounder. 

The  result  of  this  view  of  knowledge  was  that,  although  during  the 
fifteen  centuries  followiag  the  death  of  the  geometer  of  Syracuse 
great  universities  werv  founded  at  which  generations  of  professors 
expounded  all  the  learning  of  their  time,  neither  professor  nor  student 
ever  suspected  what  latent  possibilities  of  good  were  concealed  in  the 
most  familiar  operations  of  nature.  Kvery  one  felt  the  wind  blow,  saw 
water  boil,  and  heard  the  thunder  cra^h,  but  never  thought  of  inves- 
tigating the  forces  here  at  play.  Up  to  the  middle  of  the  fifteenth 
century'  the  most  acute  observer  could  scarcely  liave  seen  the  dawn 
of  a  new  era. 

In  view  of  t  his  state  of  thlnga..it  must  be  regardeil  as  one  of  (he  mt 
remarkable  facts  In  evolutionary  history  that  four  or  five  men,  whoa 
mental  constitution  was  cither  typical  of  the  new  order  of  things 
who  were  powerful  agents  in  bringing  it  alx)ut,  were  all  bom  during 
the  firti*cnth  century,  four  of  them  at  least  at  so  nearly  the  same  time 
as  to  be  contemporaries. 

Lconunlo  da  Vinci,  whose  artistic  genius  has  charmed  succeeding 
generutiuiis,  was  also  the  first  practical  engineer  of  his  time,  and  the 
£nt  man  after  Arcliimedcs  to  make  a  substantial  advance  in  develop- 
ing  the  la^v-8  of  motion.  That  the  world  was  not  prepared  to  mak< 
use  of  his  scientific  discoveries  does  not  detract  from  the  siRnificant 
which  must  attach  to  the  period  of  his  birth. 

Shortly  after  him  was  bom  the  great  naWgator  whose  boUl  spirit 
was  to  make  kiion-n  a  new  world,  thus  giving  to  commercial  enterprisQ' 
that  impetus  which  was  so  powerful  an  agent  in  bringing  about  a 
revolution  in  (lie  thoughts  of  men. 

The  birth  of  Columbus  was  soon  followed  by  Chat  of  Copernicus, 
the  first  after  Aristarchus  to  demotistrate  the  true  system  of  the 
world.  In  him  more  than  in  any  of  his  contemporftrios  do  we  seo  tt 
struggle  between  the  old  forms  of  thought  and  the  new.  It 
almost  pathetic  and  is  certainly  most  suggeetive  of  the  general  vi«w 
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of  knowledge  taken  at  that  time  that,  instead  of  clairoing  credit  for 
bringiDg  to  light  great  truths  before  unknon'n,  he  made  a  labored 
Mttempl  to  show  that,  after  all,  there  was  nothing  really  new  in  hts 
system,  which  he  claimed  to  date  from  Pythagoras  and  Philolaus. 
In  this  connection  it  is  curious  that  he  makes  no  mention  of  Aris- 
tarchus,  who  I  think  will  be  regarded  by  conser^'alive  historians  as 
his  only  demonstrated  predecessor.  To  the  hold  of  the  older  ideas 
upon  his  mind  we  must  attribute  the  fact  that  in  constructing  his 
^>8tem  he  took  great  pains  to  make  as  little  change  as  possible  in 
ancient  conceptions. 

Luther,  the  greatest  thought-stirrer  of  tliem  all.  practically  of  the 
same  generation  with  Copernicus.  Leonardo,  and  ('olumbus,  does  not 
come  in  as  a  scienti6c  investigator,  but  as  the  great  loosener  of  chains 
which  had  so  fettered  the  inteUect  of  men  that  they  dared  not  think 
otherwise  than  as  the  authorities  thought. 

Almost  coeval  with  the  advent  of  these  intellects  was  the  invention 
of  printing  with  movable  type.  Gutenberg  was  bom  during  the  finst 
decade  of  the  century,  and  his  associates  and  others  credited  with  the 
invention  not  many  years  afterward.  If  we  accept  the  principle  on 
which  I  am  basing  my  argument,  that  we  should  assign  the  first  place 
to  the  birth  of  those  psychic  agencies  which  started  men  on  new  lines 
of  thought,  then  surely  was  the  fifteenth  the  wonderful  century. 

Let  ua  not  forget  that,  in  assigning  the  actons  then  born  to  their 
places,  we  ore  not  narrating  history,  but  studying  a  special  phase  of 
evolution.  It  matters  not  for  us  that  no  university  invited  Leonardo 
to  its  hulls,  and  that  his  science  was  valued  by  lus  contemporaries 
only  as  an  adjunct  to  the  art  of  engineering,  llie  great  fact  still  is 
that  he  was  the  first  of  mankind  to  pro|K)uud  laws  of  motion.  It  is 
Dot  fur  anything  in  Luther's  doctrines  that  he*  finds  a  place  in  our 
scheme.  No  matter  fur  us  whether  tliey  were  sound  or  not.  What  he 
did  toward  the  evolution  of  the  scientific  investigator  was  to  show  by 
his  example  that  a  man  might  question  the  best-established  and  most 
venerable  authority  and  still  live  —  still  presen'e  his  intellectual 
integrity — still  command  a  hearing  from  nations  and  their  rulers. 
It  mailers  not  for  ua  whether  Columbus  ever  knew  that  he  had  dis- 
covered a  new  continent.  His  work  was  to  teach  that  neither  hydra, 
chimera,  nor  abyes  —  neither  divine  injunction  nor  infernal  marhina- 
tion  —  was  in  the  waj-  of  men  visiting  every  part  of  the  globe,  and 
that  the  problem  of  conquering  the  world  reduced  itself  to  one  of 
aaiU  and  rigging,  hull  and  compass.  The  better  part  of  Copernicus 
was  to  direct  man  to  a  viewpoint  whence  he  should  see  tliat  the 
heavens  were  of  Hke  matter  with  the  earth.  All  this  done,  the  acorn 
WM  planted  from  which  the  oak  of  our  civilization  should  spring. 
Tlie  mad  quest  for  gold  which  followed  the  discovery  of  Columbus, 
the  questionings  which  absorbed  the  attention  of  the  learned,  the 
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indignation  excited  by  the  Beeming  vagaries  of  a  Paracelsus,  the  fear 
and  trembhng  lent  the  strange  doctrine  of  Copernicus  should  under- 
mine the  faith  of  centuriea,  were  all  helps  to  the  germination  of  the 
seed  —  stimuli  to  thought  which  urged  it  on  to  explore  the  new  fields 
opened  up  to  its  occupation.  Tliis  given,  all  that  has  since  followed 
came  out  in  regular  order  of  development,  and  need  be  here  con- 
sidered only  in  those  phases  having  a  special  relation  to  the  purpoed] 
of  our  prettent  meeting. 

So  slow  was  the  growth  at  first  that  the  sixteenth  century  may 
scarcely  have  recognized  the  inauguration  of  a  new  era.  Torricelli 
and  Benedetti  were  of  the  third  generation  after  Leonardo,  and 
Galileo,  the  firet  to  make  a  substantial  advance  upon  his  theory,  wa»j 
bom  more  than  a  centur>'  after  him.  Only  two  or  three  men  appeared ' 
in  a  generation  who,  working  alone,  could  make  real  progress  in  di»- 
cover>',  and  even  these  could  do  little  in  leavening  the  minds  of  their 
fellow  men  with  the  new  ideas. 

Up  to  the  middle  of  the  seventeenth  century  an  agent  which  all 
experience  since  that  time  shows  to  be  necessary  to  the  moat  pro- 1 
ductive  intellectual  actiWty  was  wanting.  This  was  the  attraction  of 
like  minds,  making  suggestions  to  each  other,  criticising,  comparing, 
and  reasoning.  This  element  was  introduced  by  the  organization  of 
the  Royal  Society  of  London  and  the  .\cademy  of  Sciences  of  Paris. 

TTie  members  of  these  two  bodies  seem  like  ingenious  youth  sud- 
denly thrown  into  a  new  world  of  interesting  objects,  the  purposes  and 
relations  of  which  they  had  to  discover.  The  novelty  of  the  situation 
is  strikingly  shown  in  the  questions  which  occupie<l  the  minds  of  the 
incipient  investigators.  One  natural  result  of  British  maritime  enter- 
prise was  that  the  aspirations  of  the  Fellows  of  the  Royal  Society 
were  not  confined  to  any  continent  or  hemisphere.  Inquiries  were 
sent  all  the  way  to  Batavia  to  know  "whether  there  be  a  hill  in 
Sumatra  which  bumeth  continually,  and  a  fnuntain  which  nmneth 
pure  balsam."  The  astronomical  precision  with  which  it  seemed  pos- 
sible that  phynological  operations  might  go  on  waa  evinced  by  the 
inquirj'  whether  the  Indians  can  so  prepare  that  stupefying  herb 
Datura  that  "  they  make  it  lie  several  days,  months,  years,  according 
as  they  will,  in  a  man's  body  without  doing  him  any  harm,  and  at 
the  end  kill  him  without  mis.<iing  an  hour's  time."  Of  this  continent 
one  of  the  inquiries  waa  whether  there  be  a  tree  in  Mexico  that  yields 
water,  wine,  vinegar,  milk,  honey,  wax,  thread,  and  needles. 

Among  the  problems  before  the  Paris  Academy  of  Rcirncrs  those 
of  phj-siology  and  biology  took  a  prominent  place.  The  distillation 
of  compounds  had  long  been  practiced,  and  the  fact  that  the  mora 
spirituous  elements  of  certwn  substances  were  thus  sepamted  nat- 
urally led  to  the  question  whether  the  essential  essences  of  life  might 
not  he  discoverable  in  the  same  way.  In  order  that  all  might  pa> 
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ticipate  in  the  experiments,  they  were  conducted  in  open  ses^on  of 
the  Academy,  thus  piarding  against  the  danger  of  any  one  member 
obtaining  for  his  exclusive  personal  use  a  possible  elixir  of  life.  A 
wide  range  of  the  animal  and  vegetable  tdngdom ,  including  cats,  doge, 
and  bifds  of  various  species,  were  thus  analyzed.  The  practice  of 
dissection  was  introduced  on  a  lar^^e  scale.  That  of  the  cadaver  of  an 
elephant  occupied  sex'eral  sessions,  and  was  of  such  interest  that  the 
monarch  himself  was  a  spectator. 

To  the  same  epoch  with  the  formation  and  first  work  of  these  two 
bodies  belongs  the  inv'ention  of  a  mathematical  method  which  in  it-s 
importance  to  the  advance  of  exact  science  may  be  classed  with  the 
invention  of  the  alphabet  in  its  relation  to  the  progre»  of  society  at 
large.  The  use  of  algebraic  symbols  to  represent  quantitiea  had  its 
origin  before  the  commencement  of  the  new  era,  and  gradually  grew 
into  a  highly  developed  form  during  the  first  two  centuries  of  that 
era.  But  this  method  could  represent  quantities  only  as  fixed.  It  is 
true  that  the  elasticity  inherent  in  the  use  of  such  symbols  permitted 
of  their  being  applied  to  any  and  every  quantity;  yet,  in  any  one 
application,  the  quantity  was  considered  as  fixed  and  definite.  But 
most  of  the  magnitudes  of  nature  are  in  a  state  of  continual  variation ; 
indeed,  since  all  motion  is  variation,  the  latter  is  a  universal  charac- 
teristic of  all  phenomena.  No  serious  advance  could  be  made  in  the 
application  of  algebraic  language  to  the  expression  of  physical  phe- 
nomena until  it  could  be  so  extended  as  to  express  variation  in  quan- 
tities, aa  well  as  the  quantities  themsdves.  This  extension,  worked 
out  independently  by  Newton  and  Leibnitz,  may  be  classed  aa  the 
most  fruitful  of  conceptions  in  exact  science.  With  it  the  way  wa» 
opened  for  the  unimpeded  and  continually  accelerated  progress  of  the 
last  two  centuries. 

The  feature  of  this  period  which  has  the  closest  relation  to  the 
purpo-tc  of  our  coming  together  i-s  the  seemingly  unending  subdivision 
of  knowledge  into  specialties,  many  of  which  arc  becoming  so  minute 
and  so  isolated  that  they  seem  to  have  no  interest  for  any  but  their 
few  pursuers.  Ilappily  science  itself  has  afforded  a  corrective  for  its 
own  tendency  in  this  direction.  The  careful  thinker  will  see  that  in 
these  seemingly  diverging  branches  common  elements  and  common 
principles  arc  coming  more  and  more  to  light.  There  is  an  increasing 
recognition  of  methods  of  research,  and  of  deduction,  which  are  com- 
mon to  large  branches,  or  to  the  whole  of  science.  We  are  more  and 
more  recognizing  the  principle  that  progress  in  knowledge  implies  it« 
reduction  to  more  exact  forms,  and  the  exprcs.'iion  of  its  ideas  in 
language  more  or  less  mathematical.  The  problem  before  the  organ- 
irers  of  this  Congress  was,  therefore,  to  bring  the  sciences  together, 
and  seek  for  the  unity  which  we  believe  underlies  their  infinite 
diversity. 
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T^e  assembling  of  such  a  body  as  now  fills  this  hall  was  scarcely 
possible  in  any  preceding  generation,  and  is  made  possible  now  only 
through  the  agency  of  science  itself.  It  differs  from  all  preceding  inter-] 
national  meetings  by  the  universality  of  its  scope,  which  aims  taj 
include  the  whole  of  knowledge.  It  is  also  unique  in  that  none  but 
leaders  have  been  sought  out  as  members.  It  is  unique  in  that  so 
many  lands  have  delegated  their  choicest  intellects  to  carry  on  its 
work.  They  come  from  the  country  to  which  our  republic  is  indebted 
for  a  third  of  its  territory,  including  the  ground  on  which  we  stand; 
from  the  land  which  has  taught  us  that  the  most  scholarly  devotion  to 
the  languages  and  learning  of  the  cloistered  past  is  compatible  with 
leadership  in  the  practical  application  of  modem  science  to  the  arta 
of  life;  from  the  island  whose  language  and  literature  have  found 
a  new  field  and  a  vigorous  growth  in  this  region;  from  the  last  seat 
of  the  holy  Roman  Empire;  from  the  country  which,  remembering* 
a  monarch  who  made  an  astronomical  observation  at  the  Greenwich 
Observatory,  has  enthroned  science  in  one  of  the  highest  places  in  its 
government;  from  the  peninsula  so  learned  that  we  have  invited  onoi 
of  its  scholars  to  come  and  tell  us  of  our  own  language;  from  the  land 
which  gave  birth  to  Leonardo,  Galileo,  Torricelli,  Olumbua,  Volta  — 
what  an  array  of  immortal  names! — from  the  little  republic  of 
glorious  history'  which,  breeding  men  rugged  as  its  eternal  snow- 
pe&ks,  has  yet  been  the  seat  of  scientific  investigation  since  the  day  of 
the  Bemoullis;  from  the  land  whose  heroic  dwellers  did  not  hesitata] 
to  use  the  ocean  itself  to  protect  it  against  inx'aders,  and  which  nov\ 
makes  us  mar^'el  at  the  amount  of  erudition  compressed  within  its 
little  area;  from  the  nation  across  the  Pacific,  which,  by  half  a  cen- 
tury of  unequaled  progress  in  the  arts  of  life,  has  made  an  important 
contribution  to  evolutionary  science  through  demonstrating  the 
falsity  of  the  theory  that  the  most  ancient  races  are  doomed  to  be 
left  in  the  rear  of  the  advancing  age  —  in  a  word,  from  every  great 
centre  of  intellectual  activity  on  the  globe  I  see  before  me  eminent 
representatives  of  that  world-advance  in  knowledge  which  we  have 
met  to  cdebrate.  May  wo  not  confidently  hope  that  the  discussions 
of  such  an  assemblage  will  prove  pregnant  of  a  future  for  scienc* 
which  shall  outshine  even  its  brilliant  past? 

Gentlemen  and  scholars  all  I  You  do  not  \mt  our  shores  to  find 
great  collections  in  which  centurifs  of  humanity  have  given  expression 
on  canvas  and  in  marble  to  their  hopes,  fears,  and  aspirations.  Nor 
do  you  expect  institutions  and  buildings  hoary  with  age.  But  as  you 
feel  the  vigor  latent  in  the  fresh  air  of  these  expansive  prairies,  which 
has  collected  the  products  of  htmian  genius  by  which  we  are  here 
surrounded,  and,  I  may  add,  brought  us  together;  aa  you  study  the 
institutioiu  which  we  hav«  founded  for  the  benefit,  not  only  of  oxir 
own  people,  but  of  humanity  at  large;  A3  you  meet  the  men  who,  ia 
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the  short  space  of  one  century,  have  transformed  this  valley  from  a 
savage  wilderness  into  what  it  is  to-day  —  then  may  you  find  com- 
pensation for  the  want  of  a  past  like  yours  by  seeing  with  prophetic 
eye  a  future  world-power  of  which  this  region  shall  be  the  seat.  If  such 
is  to  be  the  outcome  of  the  institutions  which  we  are  now  building  up, 
then  may  your  present  visit  be  a  blessing  both  to  your  posterity  and 
ours  by  making  that  power  one  for  good  to  all  mankind.  Your  deliber- 
ations will  help  to  demonstrate  to  us  and  to  the  world  at  large  that  the 
reign  of  law  must  supplant  that  of  brute  force  in  the  relations  of  the 
nations,  just  as  it  has  supplanted  it  in  the  relations  of  individuals. 
You  will  help  to  show  that  the  war  which  science  is  now  waging 
against  the  sources  of  diseases,  pain,  and  misery  offers  an  even  nobler 
field  for  the  exercise  of  heroic  qualities  than  can  that  of  battle.  We 
hope  that  when,  after  your  all  too  fleeting  sojourn  in  our  midst,  you 
return  to  your  own  shores,  you  will  long  feel  the  influence  of  the  new 
air  you  have  breathed  in  an  infusion  of  increased  vigor  in  pursuing 
your  varied  labors.  And  if  a  new  impetus  is  thus  given  to  the  great 
intellectual  movement  of  the  past  century,  resulting  not  only  in 
promoting  the  unification  of  knowledge,  but  in  widening  its  field 
through  new  combinations  of  effort  on  the  part  of  its  votaries,  the 
projectors,  oi^anizers,  and  supporters  of  this  Congress  of  Arts  and 
Science  will  be  justified  of  their  labors. 
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I  SHALL  not  attempt,  in  this  address,  cither  to  justify  or  to  criticise 
Eihc  name,  normative  science,  under  which  the  doctrines  which  con- 
'stitute  this  division  arc  grouped.  It  is  enough  for  my  purpose  to 
rccogniEC  at  the  outset  that  I  am  required,  by  the  plans  of  this  Con- 
to  explain  what  scientific  interests  seem  to  me  to  be  common 
the  work  of  the  philosophers  and  of  the  mathematicians.  The 
is  one  which  makes  severe  demands  upon  the  indulgence  of  the 
listener,  and  upon  the  expoaitory  powers  of  the  speaker,  but  it  is  a 
task  for  which  the  present  age  has  well  prepared  the  way.  The  spirit 
which  Descartes  and  X^bnitz  illustrated  seems  likely  soon  to  become, 
in  a  new  and  higher  .scn-se,  prominent  in  science.  The  mathematicians 
are  becoming  more  and  more  philosophical.  The  philosophers,  in  the 
near  future,  will  become,  I  believe,  more  and  more  mathematical. 
It  is  my  office  to  indicate,  aa  well  aa  the  brief  time  and  my  poor  powers 
may  permit,  why  this  ought  to  be  so. 

To  this  end  I  shall  first  point  out  what  is  that  most  general  com- 
munity of  interest  which  unites  all  the  sciences  that  belong  to  our 
division.  Then  I  shall  indicate  what  type  of  recent  and  special 
selentifio  work  roost  ob^nously  bears  upon  the  tasks  of  all  of  us  alike. 
Thirdly,  I  shall  state  some  results  and  problems  to  which  this  type 
of  scientific  work  haa  given  rise,  and  shall  try  to  show  what  promise 
we  have  of  an  early  increase  of  insight  regarding  our  common  intereets. 
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The  most  general  community  of  interest  which  unites  the  van'ous 
scientific  activities  that  belong  to  our  division  is  this:  We  are  all 
concerned  with  what  may  be  called  ideal  truth,  as  distinct  from 
physical  truth.  Some  of  us  also  have  a  strong  interest  in  physical 
truth;  but  none  of  ua  lack  a  notable  and  scientific  conoem  for  the 
realm  of  ideas,  vie«'ed  as  Ideas. 

Let  me  explain  what  1  mean  by  these  terms.    Whoever  studies 
phyuca]  truth  (taking  that  term  in  lis  most  general  sense)  seeka  toj 
observe,  to  collate,  and,  in  i\\e  end,  to  control,  facts  which  he  regards ' 
aa  external  to  his  own  thought.  But  instead  of  thus  looking  mainly 
n-ithout,  it  is  possible  for  a  man  chiefly  to  take  account,  let  us  sayji 
of  the  consequences  of  his  own  hypothetical  assumptions  —  assump-- 
tioDs  which  may  jWHsess  but  a  very  remote  relation  to  the  physical 
world.    Or  again,  it  is  possible  for  such  a  student  to  be  mainly  do-i 
voted  to  reflecting  upon  the  formal  validity  of  his  own  inferences,  or' 
upon  the  meaning  of  his  own  presuppositions,  or  upon  the  value  and 
the  interrelation  of  human  ideals.  Any  such  scientific  work,  reflective, 
considerate  principally  of  the  thinker's  own  constructions  and  pur- 
poses, or  of  the  constructions  and  purposes  of  humanity  in  general, 
is  a  pursuit  of  ideal  truth.   The  searcher  who  is  mainly  devoted  to 
the  inquir}'  into  what  he  regards  as  external  facts,  is  indeed  active; 
but  his  activity  Js  moulded  by  an  order  of  existence  which  he  conceives 
as  complete  apart  from  his  activity.  He  is  thoughtful;  but  a  power 
not  himself  assigns  to  him  the  problems  about  which  he  thinks.  He 
is  guided  by  ideals;  but  his  piincipal  ideal  takes  tlie  form  of  an  ac- 
ceptance of  the  world  OS  it  is,  independently  of  his  ideals.   His  deal- 
ings are  with  nutiui}.    His  aim  is  the  conquest  uf  a  foreign  realm. 
But  the  student  of  what  may  be  called,  In  general  terms,  ideal  truth, 
while  he  is  devoted  as  bis  fellow,  the  ob6er\'er  of  outer  nature,  to 
the  general  purpose  of  being  faithful  to  the  verily  as  he  finds  it,  is 
still  aware  that  his  own  way  of  finding,  or  his  own  creative  activity 
as  an  inventor  of  hypotheses,  or  bis  own  powers  of  inference,  or  his 
conscious  ideals,  constitute  in  the  main  the  object  Into  which  he  i& 
inquiring,  and  so  form  an  essential  aspect  of  the  sort  of  verity  which 
be  is  endeavoring  to  discover.   The  guide,  then,  of  such  a  student  is, 
in  a  peculiar  sense,  his  own  reason.  His  goal  is  the  comprehension  of 
his  own  meaning,  the  conscious  and  thoughtful  conquest  of  himself. 
His  great  enemy  is  not  the  mystery  of  outer  nature,  but  the  Impel 
feotion  of  his  reflective  powers.  He  is,  indeed,  as  unwilling  as  is  anyil 
•cientific  worker  to  trust  private  caprices.    He  feels  Eis  little  as  docs 
the  observer  of  outer  facta,  Uiat  he  is  merely  noting  down,  as  they 
pass,  the  chance  products  of  his  arbitrary  fantasy.    For  him,  as  for 
uny  scientific  student,  truth  is  indeed  objective;  and  the  standards 
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to  wbich  ho  conforms  &ro  eternaL  But  his  method  is  thnt  of  an  inner 
consideratcDcss  rather  than  of  a  eurioisity  about  external  pheuomena. 
His  objective  world  is  at  the  same  time  an  essentially  ideal  world, 
and  the  eternal  verity  in  whose  light  he  seeks  to  live  has,  throughout 
his  undertakings,  a  peeuliarly  intimate  relation  to  the  purposes  of 
his  own  coostructive  ynti. 

One  may  then  sum  up  the  difference  of  attitude  which  is  here  in 
question  by  aaj'iiig  that,  while  the  student  of  outer  nature  is  ex- 
plicitly conforming  his  plans  of  action,  his  ideas,  his  ideals,  to  an 
order  of  truth  which  he  takes  to  be  foreign  to  himself  —  the  student 
of  the  other  sort  of  truth,  hero  especially  in  question,  is  attempting 
to  understand  his  own  plans  of  action,  that  is,  to  develop  his  ideas, 
or  to  define  his  ideals,  or  else  to  do  both  these  things. 

Now  it  is  not  hard  to  see  that  this  search  for  some  sort  of  ideal 
truth  is  indeed  characteristic  of  every  one  of  the  invcatigationa 
which  have  been  grouped  together  in  our  division  of  the  normative 
sciences.  Pure  mathematics  shares  in  common  with  philosophy 
this  type  of  scientific  interest  in  ideal,  as  distinct  from  physical  or 
phenomenal  truth.  There  is,  to  be  sure,  a  marked  contrast  between 
the  ways  in  which  the  mathematician  and  the  philosopher  ap])roflch, 
select,  and  elaborate  their  respective  sorts  of  problems.  But  there 
is  also  a  close  relation  between  the  two  types  of  investigation  in 
question.  Let  us  next  consider  both  the  contrast  and  the  analogy  in 
some  of  their  other  most  general  features. 

Pure  mathematics  is  concerned  with  the  investigation  of  the  lopcal 
consequences  of  certain  exactly  stateable  postulates  or  hypotheses — 
such,  for  instance,  as  the  postulates  upon  which  arithmetic  and  analy- 
sis are  founded,  or  such  as  the  postulates  that  lie  at  the  basis  of  any 
type  of  geometry.  For  the  pure  mathematician,  the  truth  of  these 
hypotheses  or  postulates  depends,  not  upon  the  fact  that  phydcal 
nature  contains  phenomena  answering  to  the  postulates,  but  solely 
upon  the  fact  that  the  mathematician  is  able,  with  rational  consist- 
ency, to  state  these  assumed  first  principles,  and  to  develop  their 
eonaequences.  Dedekind,  in  his  famous  essay,  "  Was  Sind  und  Was 
Sollen  die  Zahlen,'*  called  the  whole  numbers  "  freie  Schopfungen  des 
Menschlichen  tJeistes;  "  and,  in  fact,  we  need  not  enter  into  any  dis- 
cussion of  the  psychology  of  our  number  concept  in  order  to  be  able 
to  aasert  that,  however  we  men  first  came  by  our  conception  of  the 
whole  numbers,  for  the  mathematician  the  theory  of  numerical  truth 
must  appear  simply  as  the  logical  development  of  the  consequences 
of  a  few  fundamental  first  priociplee,  such  as  those  which  Dcdckiod 
himself,  or  Peano,  or  other  recent  writers  upon  this  topic,  have,  in 
various  forms,  stated.  A  similar  formal  freedom  rnarks  the  develop- 
ment of  any  other  theory  in  the  realm  of  pure  mathemallcs.    Pure 

smetry,  from  tlte  modem  point  of  view,  is  n«ther  a  doctrine  forced 
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upon  the  humaa  miad  by  the  coDsUtuUon  of  any  prioutl  form  of 
intuition,  nor  yet  a  branch  of  physical  science,  limited  to  describing 
the  spatial  arrangement  of  phenomena  in  the  external  world.  I\ire 
geometry  is  the  theory  of  th«  consequences  of  certain  postulates 
which  the  geometer  is  at  liberty  consistently  to  make;  so  that  there 
are  as  many  types  of  geometrj*  as  there  are  consistent  systems  of 
postulates  of  that  generic  type  of  which  the  geometer  takes  account. 
As  is  also  now  well  known,  it  has  long  been  impossible  to  define  pure 
mathematics  as  the  science  of  quantity,  or  to  limit  the  range  of  the 
exactly  stateable  hypotheses  or  postulates  with  which  the  mathema- 
tician deals  to  the  worid  of  those  objects  which,  ideally  speaking, 
can  be  \-iewed  as  measurable.  For  the  ideally  defined  measurable 
objects  are  by  no  means  the  only  ones  whose  properties  can  be  stated 
in  the  form  of  exact  postulates  or  hypotheses;  and  the  possible  range 
of  pure  mathematics,  if  taken  in  the  abstract,  and  viewed  apart  from 
any  question  as  to  the  value  of  ^ven  lines  of  research,  appears  to  be 
identical  with  the  whole  realm  of  the  consequences  of  exactly  state- 
able ideal  hypotheses  of  every  tj-pe. 

One  limitation  must,  however,  be  mentioned,  to  which  the  assei^ 
tion  just  made  is,  in  practice,  obviously  subject.  And  this  is,  indeed, 
a  momentous  limitation.  The  exactly  stated  ideal  hj-potheses  whose 
consequences  the  mathematician  develops  must  possess,  as  is  some- 
times said,  sufficient  intrinsic  importance  to  be  worthy  of  scientific 
treatment.  They  must  not  be  trivial  h>T>otheses.  The  mathcma^ 
tician  is  not,  like  the  solver  of  chess  problems,  merely  displaying 
his  skill  in  dealing  with  the  arbitrary'  fictions  of  an  ideal  game.  Hia 
truth  is,  indeed,  ideal;  his  world  is,  indeed,  treated  by  his  science  as 
if  this  world  were  the  creation  of  his  postulates  a  "  frcic  Schopfung." 
But  he  docs  not  thus  create  for  mere  sport.  On  the  contrary,  he  re- 
ports a  ugnificant  order  of  truth.  As  a  fact,  the  ideal  systems  of  the 
pure  mathematician  arc  customarily  defined  with  an  obvious,  even 
though  often  highly  abstract  and  remote,  relation  to  the  structure 
of  our  ordinary  empirical  world.  Thus  the  various  algebras  which 
have  been  actually  developed  have,  in  the  main,  definite  relations 
to  the  structure  of  the  space  world  of  our  physical  experience.  The 
different  systems  of  ideal  geometry,  even  in  all  their  ideality,  still 
cluster,  so  to  speak,  about  the  suggestions  which  our  daily  experi- 
ence of  space  and  of  matter  give  us.  Yet  I  suppose  thai  no  mathe- 
matician would  be  disposed,  at  the  present  time,  to  accept  any  brief 
definition  of  the  degree  of  closenesa  or  remoteness  of  relation  to  or- 
dinary experience  which  shall  Bene  to  disUn^ish  a  trivial  from 
a  genuinely  ngnifioant  branch  of  mathematical  thenar.  In  gonerat,  & 
mathematician  who  is  devoted  to  the  theory  of  functions,  or  to  group 
theory,  appears  to  spend  little  time  in  attempting  to  show  why  the 
development  of  the  oooseqaenoea  of  his  postulates  is  a  significant^ 
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enterprise.  The  concrete  mathematicAl  interest  of  his  inquiry  sustains 
him  in  his  labors,  and  wins  for  him  the  sympathy  of  his  fellows.  To 
the  questions,  "  Why  consider  the  idejil  structure  of  just  this  system 
of  object  at  all?"  "Why study  various  eortsof  numbers,  or  the 
properties  of  functions,  or  of  groups,  or  the  system  of  points  in 
projective  geometn,-?  "  —  the  pure  mathematician  in  general,  cares 
to  reply  only,  that  the  topic  of  his  special  investigation  appears  to 
him  to  possess  sufficient  mathematical  interest.  The  freedom  of  his 
science  thus  justifies  his  enterprise.  Yet,  as  I  just  pointed  out,  this 
freedom  is  never  mere  caprice.  This  ideal  interest  is  not  without  a 
'general  relation  t«  the  concerns  even  of  common  sense.  In  brief,  as 
it  seems  at  once  fair  to  .lay,  the  pure  mathematician  is  working  under 
the  influence  of  more  or  less  clearly  conscious  philosophical  motives, 
le  does  not  usually  attempt  to  define  what  disttngiiifthes  a  signi- 
lificant  from  a  trivial  system  of  postulates,  or  what  constitutes  a  pro- 
olem  worth  attacking  from  the  point  of  view  of  pure  mathematics. 
But  he  practically  recognizes  such  a  distinction  between  the  trivial 
and  the  significant  regions  of  the  world  of  ideal  truth,  and  since 
philoBophy  is  concerned  nith  the  Bigni&cancc  of  ideas,  this  recogni- 
tion brings  the  mathematician  near  in  spirit  to  the  philosopher. 

Such,  then,  13  the  position  of  the  pure  mathematician.    What,  by 
way  of  contract,  is  that  of  the  philosopher?    We  may  reply  that  to 
state  the  formal  consequences  of  exact  assumptions  ia  one  thing;  to 
reflect  upon  the  mutual  relationSj  and  the  whole  significance  of  such 
assumptions,  does  indeed  involve  other  interests;    and  these  other 
interests  are  the  ones  which  directly  carry  us  over  to  the  realm  of 
philosophy.   If  the  theor}'  of  numbers  belongs  to  pure  mathematics, 
the  study  of  the  place  of  the  number  concept  in  the  8>'8tem  of 
luman  idean  belongs  to  philosophy.     Like  the  mathematician,  the 
jhiloBopher  deals  directly  with  a  realm  of  ideal  tnith.    But  to  unify 
our  knowledge,  to  comprehend  its  auurces,  its  meaning,  and  its  re- 
lations to  the  whole  of  human  life,  these  aims  constitute  the  proper 
goal  of  the  philosopher.    In  order,  however,  to  accomplish  his  aims, 
the  philosopher  must,  indeed,  take  account  of  the  results  of  the 
special  physical  science;   but  he  must  also  turn  from  the  world  of 
outer  phenomena  to  an  ideal  world.   For  the  unity  of  things  is  never, 
for  us  mortals,  anything  that  we  find  given  in  our  experience.  You 
cannot  see  the  imity  of  knowledge;  you  cannot  describe  it  as  a  phe- 
nomenon. It  is  for  us  now,  an  ideal.  And  precisely  so.  the  mean- 
ing of  things,  the  relation  of  knowledge  to  life,  the  signiGcanoe  of 
our  {deals,  their  Iwaring  upon  one  another  —  these  are  never,  for  us 
men,  phenomenally  present  data.    Hence  the  philosopher,  however 
much  he  ought,  as  indeed  he  ought,  to  take  account  of  phenomena, 
and  of  the  results  of  the  special  physical  sciences,  is  quite  as  deeply 
interested  in  his  own  way,  as  the  matbematJoiaa  is  interested  in  his 
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way,  in  the  consideration  of  an  ideal  realm.  Only,  unlike  tbe  matbe- 
mstician,  the  philosopher  does  not  first  abstract  from  the  empirical 
8U{^estioDfl  upon  which  bis  exact  ideas  ar«  actually  based,  and  then 
content  himself  merely  with  developing  the  logical  consequences  of 
these  ideas.  On  the  contrary,  bis  main  interest  is  not  in  any  idea  or 
fact  in  so  far  as  it  is  viewed  by  itself,  but  rather  in  the  interrelations, 
in  the  common  significance,  in  the  unity,  of  all  fundamental  ideas, 
and  in  their  relations  both  to  the  phenomenal  facts  and  to  Ufe!  On 
the  whole,  he,  therefore,  neither  consents,  like  the  student  of  a  special 
science  of  experience,  to  seek  his  freedom  solely  through  conformity 
to  the  phenomena  which  are  to  be  described;  nor  is  he  cont<>nt,  like 
the  pure  mathematician,  to  win  his  truth  solely  through  the  exact 
definition  of  the  formal  consequences  of  his  freely  defined  hypotheses. 
He  is  making  an  effort  to  discover  the  sense  and  the  unity  of  the 
business  of  his  own  life. 

It  is  no  part  of  my  purpose  to  attempt  to  show  here  how  this  gen- 
eral philosophical  interest  differentiates  into  the  various  interests  of 
metaphysics,  of  the  philosophy  of  religion,  of  ethics,  of  esthetics, 
of  logic.  Enough  —  I  have  tried  to  illustrate  how,  while  both  the 
philosopher  and  the  mathematician  have  an  interest  in  the  meaning 
of  ideas  rather  than  in  the  description  of  external  facts,  still  there 
is  a  contrast  which  does,  indeed,  keep  their  work  in  largie  measure 
asunder,  namely,  the  contrast  due  to  the  fact  that  the  mathematician 
is  directly  concerned  with  developing  the  consequences  of  certain 
freely  assumed  systems  of  postulates  or  hypotheses;  while  the  philo- 
sopher is  interested  in  the  significance,  in  the  unity,  and  in  the  re- 
lation to  life,  of  all  the  fundamental  ideals  and  postulates  of  the 
human  mind. 

Yet  not  even  thus  do  we  sufficiently  state  how  closely  related 
the  two  tasks  are.  For  this  very  contrast,  as  wc  have  also  suggested, 
is,  even  within  its  own  limits,  no  final  or  perfectly  sharp  contrast.^ 
There  is  a  deep  analogy  between  the  two  tasks.    For  the  mathema- 
tician, as  we  have  just  seen,  is  not  evenly  interested  in  developing 
the  consequences  of  any  and  every  system  of  freely  aesumed  pos-| 
tu1at«s.    He  is  no  mere  solver  of  arbitrary'  ideal  puzzles  tn  general. 
His  systems  of  postulates  are  so  chosen  as  to  be  not  trivial,  but  sig- 
nificant. They  are,  therefore,  in  fact,  but  abstractly  defined  aspectai 
of  the  very  system  of  eternal  truth  whose  expression  is  the  univeree. 
In  this  sense  the  mathematician  is  as  genuinely  interested  as  is  the 
philosopher  in  the  significant  use  of  his  scientific  freedom.    On  the 
other  hand,  the  philosopher,  in  reficcting  upon  the  sigtiificanoe  ant 
the  unity  of  fundamental  ideas,  can  only  do  so  with  success  in 
he  makes  due  inquiry  Into  the  logical  consequences  of  given  Ideas. 
And  this  ho  can  accomplish  only  if,  upon  occasion,  he  emplo)'S  thOj 
exact  metbods  of  the  mathematician,  and  develops  his  systems 
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ideil  truth  with  the  precision  of  which  only  mathematical  research 
is  capable.  As  a  fact,  then,  the  mathematician  and  the  philoaopbor 
deal  with  ideal  truth  in  ways  which  arc  not  only  contrasted,  but 
profoundly  interconnected.  The  mathematician,  in  so  far  an  he  con- 
sciously distinguishes  significant  from  trivial  prohloms,  and  ideal 
systems,  is  a  philosopher.  The  phUosophcr,  in  so  far  as  he  seeks 
exactness  of  logical  method,  in  his  reflection,  must  meanwhile  aim 
to  be,  within  his  own  limits,  a  mathematician.  Uo,  indeed,  will  not 
in  future,  like  Spinoza,  seek  to  reduce  philosophy  to  the  mere  develop- 
ment, in  mathematical  form,  of  the  consequences  of  certain  arbitrate 
hypotheses.  Uc  will  distingiush  between  a  reflection  upon  tbo  unity 
of  the  system  of  truth  and  an  abstract  development  of  this  or  that 
lected  aspect  of  the  system.  But  he  will  see  more  and  more  that, 
so  far  as  he  undertakes  to  be  exact,  he  must  aim  lo  become,  in 
own  way,  and  with  due  regard  to  his  own  purposes,  mathemat- 
ical,- and  thus  the  union  of  mathematical  and  philosophical  inquiries, 
io  the  future,  n-ill  tend  to  become  closer  and  closer. 


n 

So  far,  then,  I  have  dwelt  upon  extremely  general  considerations 
relating  to  the  unity  and  the  contrast  of  mathematical  and  philo- 
[^aophical  inquiries.   I  can  well  conceive,  however,  that  the  individual 
irker  in  any  one  of  the  numerous  branches  of  Investigation  which 
are  represented  by  the  hody  of  students  whom  I  am  privileged  to 
address,  may  at  this  point  mentally  interpose  the  objection  that  all 
these  considerations  arc,  indeed,  far  too  general  to  be  of  practical 
interest  to  any  of  ua.    Of  course,  all  we  who  study  these  so-called 
^nonnative  sciences  are,  indeed,  interested  in  ideas,  for  thctr  own 
t — in  ideas  so  distinct  from,  altbough  of  courae  also  somehow 
[related  to,  phenomena.  Of  course,  some  of  uh  are  rather  devoted  to 
'the  development  of  the  oonsequencee  of  exactly  stated  ideal  hypo- 
theses, and  uthcis  to  reflecting  as  wc  can  upon  what  certain  ideas  and 
^Ideals  are  good  for,  and  upon  what  the  unity  is  of  all  ideas  and  ideals. 
'Of  courae,  if  we  are  wise  enough  to  do  so,  we  have  much  to  team 
from  one  another.   But,  you  will  say,  the  assertion  of  all  these  things 
is  a  oommoDpIace.    The  expression  of  the  desire  for  further  mutual 
cooperation  is  a  pious  wish.    You  will  insist  upon  asking  further: 
"  Is  there  just  now  any  concrete  instance  in  a  modem  type  of  research 
^Vhich  furnishes  results  such  as  are  of  interest  to  all  of  us?    Are 
actually  doing  any  productive  work  in  common?   Are  tlie  phUo- 
[■opfacis  contributing  anything  to  human  knowledge  wluch  has  a 
luine  bearing  upon  the  interests  of  mathematical  science?    Are 
^the  mathematicians  contributing  anything  to  philosophy?" 

niese  questions  ore  perfectly  fair.   Moreover,  ai  it  happens,  tbej 
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can  be  distinctly  anawcrcd  in  the  affirmative.  The  present  age  is  oue 
of  a  rapid  advance  in  the  actual  unification  of  the  fields  of  investi- 
gation which  are  included  witliin  the  scope  of  this  present  di\'ision. 
What  little  time  remains  to  me  must  be  devoted  to  indicating,  a»f 
well  as  I  can,  in  what  sense  this  is  true.  I  shall  have  still  to  deal 
in  very  broad  gencraUtios.  I  shall  try  to  make  these  generalities 
definite  enough  to  be  not  wholly  unfruitful. 

Wc  have  already  emphasized  one  question  which  may  be  said  to 
interest,  in  a  very  direct  way,  both  the  mathematician  and  the 
philosopher.  The  ideal  postulates,  whose  consequences  mathemat- 
ical science  undertakes  to  develop,  must  be,  wc  hare  said,  significant 
postulates,  involving  ideas  whose  exact  definition  and  exposition 
repay  the  labor  of  scientific  scrutiny.  Number,  space,  continuity, 
functional  correspondence  or  dependence,  group-structure  —  those 
are  examples  of  such  significant  ideas;  the  postuUtea  or  ideal' 
assumptions  upon  which  the  theory  of  such  ideas  depends  are  signi- 
ficant postulates,  and  are  not  the  mere  con\-entions  of  an  arbitrary 
game.  But  now  what  constitutes  the  significance  of  an  idea,  or 
of  an  abstract  mathematical  theory?  What  gives  an  idea  a  worthy 
place  in  the  whole  scheme  of  human  ideas?  la  it  the  pc^bility  of 
finding  a  physical  application  for  a  mathematical  theory  which 
for  UB  decides  what  is  the  value  of  the  theory?  No,  the  theor)-  of 
functions,  the  theory  of  numbers,  group  theory,  have  a  significance 
which  no  mathematician  would  consent  to  measure  in  tenns  of  the 
present  applicability  or  non-applicability  of  these  theories  in  physical 
science?  In  vain,  then,  does  one  attempt  to  use  the  test  of  appHed 
mathematics  as  (he  main  criticism  of  the  value  of  a  theory  of  pure 
mathematics.  The  value  of  an  idea,  fur  the  sciences  which  con-' 
stitute  our  division,  is  dependent  upon  the  place  which  this  ide&> 
occupies  in  the  whole  organized  scheme  or  system  of  human  ideas.' 
The  idea  of  number,  for  instance,  familiar  as  its  applications  are. 
does  not  derive  its  main  value  from  the  fact  that  eggs  and  dollais 
and  star-clusters  can  bo  counted,  but  rather  from  the  fact  that  the 
idea  of  numbers  has  those  relations  to  other  fundamental  ideas 
which  recent  logical  theor)'  has  made  prominent  —  relations,  for 
instance,  to  the  concept  of  order,  to  the  theory  of  classes  or  collec- 
tions of  objects  viewed  in  general,  and  to  the  metaphysical  concept 
of  (he  self.  Relations  of  this  sort,  which  the  disctissions  of  the  num- 
ber concept  by  Dedekind,  Cantor,  Peano,  and  Russell  have  recently 
brought  toUght  —  such  relations,  I  say,  constitute  what  truly  justi- 
fied Gauss  in  calling  the  theory  of  numbers  a  '<di^'ine  science."  As 
against  such  deeper  relations,  the  countless  applications  of  the 
number  concept  in  ordinary  life,  and  in  science*,  are,  from  the  truly 
philosDphical  point  of  view,  of  comparatively  small  moment.  What 
ve  wont,  in  the  work  of  our  divtsioo  of  the  sciences,  is  to  bring  to 
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light  the  unity  of  truth,  either,  as  in  mathematics,  by  developing 
systems  of  truth  which  are  significant  by  virtue  of  their  actual  rela- 
tions to  this  unity,  or,  aa  in  phiiosophy,  by  expUciUy  seeking  the 
central  idea  about  which  all  the  many  ideas  cluster. 

Now,  an  ancient  and  fundamental  problem  for  the  pbilosophera 
is  that  which  has  been  called  the  problem  of  the  categories.  This 
problem  of  the  categories  is  umply  the  more  formal  aspect  of  the 
whole  philosophical  problem  just  defined.  The  philosopher  aims  to 
comprehend  the  uriity  of  the  system  of  human  ideas  and  ideals.  Well, 
then,  what  are  the  primal  ideas?  Upon  what  group  of  concepts  do 
the  other  concepts  of  humau  science  logically  depend?  About  what 
central  interests  is  the  sj'stem  of  human  ideals  clustered?  In  ancient 
thought  Aristotle  already  approached  this  problem  in  one  way. 
Kant,  in  the  eighteenth  centur>',  dealt  with  it  in  another.  We  stu- 
dents of  philosophy  are  accustomed  to  regret  what  we  call  the  ex- 
cessive formalism  of  Kant,  Co  lament  that  Kant  was  so  much  the 
slave  of  his  own  relatively  superficial  and  accidental  table  of  catego- 
ries, and  that  he  made  the  treatment  of  every  sort  of  philosophical 
problem  turn  upon  his  own  schematism.  Yet  we  cannot  doubt  that 
Kant  was  right  in  maintaining  that  philosophy  needs,  for  the  suc- 
oeosful  development  of  every  one  of  its  departments,  a  well-devised 
and  substaDtially  complete  syat<-m  of  categories.  Our  objection  to 
Kaot's  over-confidence  in  the  virtues  of  his  own  schematism  is  due 
to  the  fact  that  we  do  not  now  accept  his  table  of  categories  as  an 
adequate  view  of  the  fundamental  concepts.  The  efforts  of  philo- 
sophers since  Kant  have  been  repeatedly  devoted  to  the  task  of 
replacing  his  scheme  of  categories  by  a  more  adequate  one,  I  am 
far  from  regarding  these  purely  philosophical  efforts  made  since 
Kant  as  fruitless,  but  they  have  remained,  so  far,  very  incomplete, 
and  they  have  been  held  back  from  their  due  fullness  of  success  by 
the  lack  of  a  sufficiently  careful  survey  and  analysis  of  the  processes 
of  thought  as  these  have  come  to  be  embodied  in  the  hWng  sciences. 
Such  concepts  as  number,  quantity,  space,  time,  cause,  continuity, 
have  been  dealt  with  by  the  pure  philosophers  far  too  summarily 
and  superficially.  A  more  thoroughgoing  analysis  has  been  needed. 
But  now,  in  comparatively  recent  times,  there  has  developed  a  re- 
[gion  of  inquiry  which  one  may  call  by  the  general  name  of  modern 
l3ogic.  To  the  constitution  of  this  new  reffion  of  inquiry  men  have 
f|>nDcipal]y  contributed  who  began  as  mathematicians,  but  who,  in 
the  course  of  their  work,  have  been  led  to  become  more  and  more 
philosophers.  Of  late,  however,  various  philosophers,  who  were 
foriginally  in  no  sense  mathematicians,  becoming  aware  of  the  im- 
portance of  the  new  type  of  rescareh,  are  in  their  turn  attempting 
both  to  assimilate  and  to  supplement  the  undertakings  which  were 
begun  from  the  mathematical  side.  As  a  result,  the  logical  problem 
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of  the  cat&gorics  has  to-day  become  almoet  cquAlly  a  problem  for 
the  logicians  of  mathcnrntioB  and  for  those  students  of  philosophy 
who  take  any  serious  interest  in  exactness  of  method  in  their  own 
branch  of  work.  The  result  of  this  actual  cooperation  of  men  from 
both  sides  is  that,  as  I  think,  wc  are  to-day,  for  the  first  time,  in 
sight  of  what  is  still,  as  I  freely  admit,  a  somewhat  distant  goal, 
nam^3',  the  relatively  complete  rational  analysis  and  tabulation  of 
the  fundamental  categories  of  human  thought.  That  the  student  of 
ethics  is  as  much  interested  in  such  an  investigation  as  is  the  meta- 
physician, that  the  pliilosopher  of  religion  needs  a  wcU-complcted 
tabic  of  categories  quite  as  much  as  does  the  pure  lo^cian,  every 
competent  student  of  such  topics  ought  to  odmit.  And  that  the 
enterprise  in  question  keenly  interests  the  mathematicians  is  shown 
by  tho  prominent  part  which  some  of  them  have  taken  in  the  re- 
searches in  question.  Here,  then,  is  the  t}!^  of  recent  scientific  work 
whose  results  most  obviously  bear  upon  the  tasks  of  all  of  us  alike. 
A  catalogue  of  .the  names  of  the  workers  in  this  wide  field  of 
modem  logic  would  be  out  of  place  here.  Yet  one  must,  indeed, 
indicate  what  lines  of  research  are  especially  in  question.  From  the 
purely  mathematical  side,  the  investigations  of  the  type  to  which  I 
now  refer  may  be  viewed  (somewhat  arbitrarily)  as  beginning  with 
that  famous  examination  into  one  of  the  postulates  of  Euclid's 
geometry  which  gave  rise  to  the  so-called  non-Euclidean  geometry. 
The  question  here  originally  at  issue  was  one  of  a  comparati\'ely 
limited  scope,  namely,  the  question  whether  Euclid's  parallel-line 
postulate  was  a  logical  consequence  of  the  other  geometrical  prin- 
ciples. But  the  investigation  rapidly  develops  int.o  a  general  study 
of  the  foundations  of  geometry  —  a  study  to  which  contributions 
arc  still  almost  constantly  appearing.  Somewhat  irulependently 
of  this  line  of  inquiry  there  grew  up,  during  the  latter  half  of  the 
nineteenth  century,  that  reexamination  of  the  bases  of  arithmetic 
and  analysis  which  is  associated  with  the  names  of  Dedekind,  Weier- 
strnss,  and  George  Cantor.  At  the  present  time,  the  labors  of  a  num- 
ber of  other  inquirers  (amongst  whom  wn  may  mention  the  school 
of  Peano  and  Picri  in  Italy,  and  men  such  as  Poincar^  and  Couturat 
in  France,  Hilbort  in  Germany,  Bertrand  Russell  and  Whitehead  in 
England,  and  an  energetic  group  of  our  American  mathematicians 
—  men  such  as  Professor  Moore,  Profearor  Halatod,  Dr.  Hunting- 
ton, Dr.  Veblen,  and  a  considerable  numljer  of  others)  have  been 
added  to  the  earlier  researches.  The  result  is  that  we  have  recently 
come  for  the  first  time  to  be  able  to  see,  with  sumu  completeness, 
what  the  assumed  first  principles  of  pure  mathematics  actually  ave. 
As  was  to  be  expected,  these  principles  are  capable  of  more  than 
one  formulation,  according  as  they  are  approached  from  one  side  or 
from  another.  As  was  also  to  be  expected,  the  entire  edifice  of  pure 
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ttattcs,  90  far  as  it  has  yet  been  erected,  actually  rests  upon 
hve^  Yew  fundamental  concepts  and  postulates,  however  you  may 
formulat«  tbem.  What  waa  not  observed,  however,  by  the  earlier, 
and  especially  by  the  philosophical,  students  of  the  categories,  is 
the  form  which  these  podtulate^  tend  to  assume  when  they  are 
rigidly  analyzed. 

This  form  depends  upon  the  precise  dehnitton  and  classification 
of  certain  types  of  relations.  The  whole  of  geometry,  for  iostancc, 
including  metrical  geometry,  can  be  developed  from  a  set  of  postu- 
lates which  demand  the  existence  of  points  that  stand  in  certain 
ordinal  relationships.  The  ordinal  relationships  can  be  reduced, 
according  as  the  series  of  points  considered  is  open  or  closed,  either 
to  the  well-kuow-n  relationship  in  which  three  points  stand  when 
one  is  between  the  other  two  upon  a  right  line,  or  else  to  the  ordinal 
relationaliip  in  which  four  points  stand  when  they  are  separated  by 
pairs;  and  Ihcsc  two  ordinal  relationships,  by  means  of  various  log- 
ical devices,  can  be  regarded  as  variations  of  a  single  fundamental 
form.  Cayley  and  Klein  founded  the  logical  theory  of  geometry  her© 
in  question.  Russell,  and  in  another  way  Dr.  Veblen,  have  given 
it  its  most  recent  expressions.  In  the  same  way,  the  theory  of  whole 
numbers  can  be  reduced  to  sets  of  principles  which  demand  the  exist- 
ence of  certain  ideal  objects  in  certain  simple  ordinal  relations,  Dede- 
kind  and  Peano  have  worked  out  such  ordinal  theories  of  the  num- 
ber concept.  In  another  development  of  the  theory  of  the  cardinal 
whole  numbera,  which  Russell  and  Whitehead  have  worked  out, 
U  concepts  are  introduced  only  secondarily,  and  the  theory 
spends  upon  (he  fundamental  relation  of  the  equivalence  or  noD- 
equivalence  of  collections  of  objects.  But  here  also  a  certain  simple 
type  of  relation  determines  the  definitions  and  the  development  of 
the  whole  theory. 

Two  results  follow  from  such  a  fashion  of  logically  analyzing  the 
first  principles  of  mathematical  science.  In  the  first  place,  as  just 
pointed  out,  we  learn  how  feie  and  $impU  are  the  eoneeptUms  and  po»- 

ues  upon  which  the  actual  edifice  of  exact  science  rests.    Pure 

tthematics,  we  have  said,  is  free  to  assume  what  it  chooses.  Yet 
(be  assumptions  whose  presence  as  the  foundation  principles  of  the 
actually  existent  pure  mathematics  an  exhaustive  examination  thus 
reveals,  show  by  their  fewness  that  the  ideal  freedom  of  the  mathe- 
matician to  assume  and  to  construct  what  he  pleases,  is  indeed,  in 
practice,  a  very  decidedly  limited  freedom.  The  limitation  is,  as  we 
have  already  seen,  a  limitation  which  has  to  do  with  the  essential 
significance  of  the  fundamental  concepts  in  question.  And  so  the 
lit  of  this  analysis  of  the  bases  of  the  actually  developed  and 
Significant  branches  of  mathematics,  constitutes  a  sort  of  empirical 
revelation  of  what  categories  the  exact  sciences  have  practically 
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found  to  be  of  bucIi  BigniJicance  as  to  be  worthy  of  exhatistive  treat- 
ment. Thus  the  instinctive  sense  for  mguiiicant  truth,  which  has  all 
along  been  guiding  the  development  of  mathematics,  comes  at  least 
to  a  clear  and  philosophical  consciousness.  And  meanwhile  the  ee- 
aential  categories  of  thought  are  seen  in  a  new  light. 

The  second  result  still  more  directly  ooncerns  a  philosophical  logic. 
It  is  this:  Since  the  few  types  of  relations  wliicfa  this  sort  of  ana- 
lysis reveals  as  the  fundamental  ones  in  exact  science  are  of  such 
importance,  the  logic  of  the  present  day  is  especially  required  to  face 
the  questions:  Whai  is  the  na^re  of  our  concept  o/  relationt  t  What 
are  the  various  imssibtc  types  of  relations?  Upon  what  does  the 
variety  of  these  types  depend?  What  unity  lies  beneath  the  variety? 

As  a  fact,  logic,  in  its  modern  forms,  namely,  linst  that  eyrabolic 
logic  which  Boole  first  formulated,  which  Mr.  Charles  S.  P^roe  and 
his  pupils  have  in  this  country  already  so  highly  developed,  and 
which  Schrocdor  in  Germany,  Peano's  school  in  Ilaly.  and  a  num- 
ber of  recent  Knglish  writers  have  bo  effectively  furthered  —  and 
secondly,  the  logic  of  scientific  method,  which  is  now  so  actively 
pursued,  in  Franco,  in  Germany,  and  in  the  Knglisli-i^ peaking  coun- 
tries —  this  whole  movement  in  modexn  logic,  as  I  hold,  i.s  rapidly 
Approaching  nctc  solutions  of  the  problem  0}  the  fundamental  nature 
and  Uie  logic  of  retatiojis.  The  problem  is  one  in  which  wc  are  all 
equally  interested.  To  Dc  Morgan  in  England,  iu  on  earlier  genera- 
tion, and,  in  our  time,  to  Charles  Pciroc  in  this  country,  very  Im- 
portant stages  in  the  growth  of  thofie  prnhlema  are  due.  Rusacll,  in 
his  work  on  the  Principles  of  Maihemalics  has  very  lately  under- 
taken to  sum  up  the  results  of  the  logic  of  relations,  as  thus  fa 
developed,  and  to  add  his  own  interpretations.  Yet  I  think  that' 
Russell  has  failed  to  get  as  near  to  the  fotuidations  of  the  theory 
of  relations  as  the  present  state  of  the  discussion  permits.  For 
Busaell  has  failed  to  take  account  of  what  I  hold  to  bo  the  mos 
fundamentally  important  generalization  yet  reached  in  the  gcnerid' 
theory  of  relations.  This  is  the  generalization  sot  forth  aa  early  as 
1890,  by  Mr.  A.  B.  Kempc,  of  London,  in  a  pair  of  wonderful  but 
too  much  neglected,  ijapere,  entitled,  respectively,  The  Theory  of 
Mathematical  Form,  and  The  Analogy  between  the  Logical  Theory 
of  Claeset  and  the  Qeometrical  Theory  of  Points.  A  mere  hint  £( 
aa  to  the  more  precise  formulation  of  the  problem  at  issue,  and  tbeol 
later  as  to  Kempe's  epectol  contribution  to  that  problem,  may  be  in 
order  here,  despite  the  impossibility  of  any  adequate  statement. 
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Tlie  two  most  obviously  attd  uniYexsally  important  kinds  of 
tions  known  to  the  exaist  scienoee,  as  these  sciences  at  present 
are:  (1)  The  relations  of  the  type  of  equality  or  equivalenc«;  ai 
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(2)  the  relations  of  the  type  of  before  and  after,  or  greater  and  leas. 
The  first  of  these  two  classes  of  relations,  namely,  the  class  repre- 

Fflented,  although  by  no  meoDS  exhausted,  by  the  various  retaUons 
actually  called,  in  different  branches  of  science  by  the  one  name 

Inequality,  tliis  class  I  say,  might  well  be  named,  as  1  myself  liave 
>po6ed,  the  leveling  relations.  A  collection  of  objects  bctn-een 
any  two  of  which  some  one  relation  of  this  tyjx  liolds,  may  be  said 
to  be  a  collection  whose  members,  in  some  defined  sense  or  other, 
are  on  the  same  level.  'Plic  second  of  these  tw-o  classes  of  relations, 
iiamcly,  those  of  the  type  of  before  and  after,  or  greater  and  leea 
—  this  class  of  relations,  I  say,  consists  of  what  are  nowadays  often 
called  the  serial  relations.  And  a  collectioa  of  objects  such  that,  if 
any  pair  of  thctte  objects  be  chosen,  a  determinate  one  of  this  pair 
stands  to  the  other  one  of  the  same  pair  in  some  determinate  rela- 
tion of  this  second  type,  and  in  a  relation  wliich  remains  constant 
lor  all  the  pairs  that  can  be  thus  formed  out  of  the  members  of  this 
collection  —  any  such  collection,  I  say,  constitutes  a  one-dimcn- 
aional  open  scries.  Thus,  in  case  of  a  file  of  men,  if  you  choose  any 

[pair  of  men  belonging  to  the  file,  a  determinate  one  of  them  is,  in  the 
file,  before  the  other.    In  the  number  scries,  of  any  two  numbers, 
a  determinate  one  is  greater  than  the  other.    Wherever  such  a  state 
of  affairs  exists,  one  has  a  scries. 
Now  these  two  classes  of  relations,  the  leveling  retationa  and  the 

taerial  relations,  agree  with  one  another,  and  differ  from  one  another 
in  very  mnmentoua  ways.  They  agree  with  one  another  in  that  both 
the  leveling  and  the  serial  relations  are  what  is  technically  called 
transitive;  that  is,  both  daasos  conform  to  what  Professor  James 
has  called  the  law  of  "skipped  intermediaries."  Thus,  if  A  is  equal 
to  B,  and  B  is  equal  to  C,  it  follows  that  A  is  equal  to  C.  If  A  a 
before  B,  and  B  is  before  C,  then  A  is  before  C.  And  this  property, 
which  enables  you  in  your  reasonings  about  these  relations  to  skip 
middle  terms,  and  so  to  perform  some  operation  of  elimination,  is 
the  property  which  is  meant  when  one  calls  relations  of  this  type 

i4nuisitive.    But,  on  the  other  hand,  these  two  classes  of  relations 

\4iffer  from  each  other  in  that  the  leveling  relations  are.  while  the 

LjKiial  relations  are  not,  »ymmetneai  or  reciprocal.  Thus,  if  A  is  equal 
to  ^,  Zf  is  equal  to  A,  But  if  A'  is  greater  than  Y',  then  Y  is  not 
greater  than  X,  but  less  than  A'.    So  the  leveUng  relations  are  sym- 

[■netrical  transitive  relations.  But  the  serial  relations  are  transitive 
relations  which  are  not  symmetrical. 

All  this  is  now  well  known.    It  ia  notable,  however,  that  nearly 
aU  the  processea  of  our  exact  soiencea,  as  at  present  developed,  ' 
ean  be  said  to  be  essentially  auch  as  lead  either  to  the  placing  of  sets 
or  classes  of  objects  on  the  same  level,  by  means  of  the  use  of  sym- 
SDctrical  transitive  relations,  or  else  to  the  arranging  of  objects  in 
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orderly  rows  or  series,  by  means  of  the  use  of  transitive  relations 
which  are  not  symmetrical.  This  holds  also  of  all  the  applications 
of  the  exact  sciences.  Whatever  else  you  do  in  science  (or,  for  that' 
matter,  in  art),  you  always  lead,  in  the  end,  either  ta  the  arrang- 
ing of  objects,  or  of  ideas,  or  of  acts,  or  of  movements,  in  rows  or 
series,  or  else  to  the  placing  of  objects  or  ideas  of  some  sort  on  the 
same  level,  by  virtue  of  some  eqtiivalcnce,  or  of  some  invariant 
character.  Thus  numbers,  functions,  lines  in  geometry,  give  yoiij 
examples  of  serial  relfttions.  Equations  in  mathematics  are  claasit 
instances  of  leveling  relations.  So,  of  course,  are  invariants.  Thus, 
again,  the  whole  modem  theory  of  energy  consists  of  two  parts, 
one  of  which  has  to  do  with  levels  of  energy,  in  so  far  as  the  quan- 
tity of  onerg>-  of  a  elosed  system  remains  invariant  through  all  the 
transformations  of  the  system,  while  the  other  part  has  to  do  with 
the  irreversible  serial  order  of  the  transformations  of  energy  them- 
selves, which  follow  a  set  of  unsymmetrical  relations,  in  so  far 
energy  tends  to  fall  from  higher  to  lower  levels  of  intensity  within^ 
the  same  system. 

The  entire  conceivable  universe  then,  and  all  of  our  present  exact 
science,  can  be  \-icwcd,  if  you  choose,  as  a  collection  of  objects  or 
of  ideas  tliat,  whatever  other  types  of  relations  may  exist,  arc  at 
least  largely  cliaracterizcd  cither  by  the  leveling  relations,  or  by 
the  aerial  relations,  or  by  complexes  of  both  sorts  of  relations.  Here, 
then,  we  are  plainly  dealing  with  very  fundamental  categories. 
The  "between"  relations  of  geometry  can  of  course  be  defined,  if 
you  choose,  in  terms  of  transitive  relations  that  are  not  symmet- 
rical. There  are,  to  be  sure,  some  other  relations  present  in  exact 
science,  but  the  two  types,  the  serial  and  leveling  relations,  are 
eapecially  notable. 

So  far  the  modem  logicians  have  for  some  time  been  in  substan- 
tial agreement.  Russell's  brilliant  book  is  a  development  of  the 
logic  of  mathematics  ver>'  largely  in  terms  of  the  two  types  of  rela- 
tions which,  in  my  own  way,  I  have  just  characterized;  although 
Russell  gives  due  regard,  of  course,  to  certain  other  types  of  rela- 
tions. 

But  hereupon  the  question  arises,  "Are  theae  two  typM  of  reh 
tions  what  Russell  holds  them  to  be,  namely,  ultimate  and  irre- 
ducible logical  facta,  unanalyzable  categories  —  mere  data  for  the 
thinker?  Or  can  we  reduce  them  still  further,  and  thus  simplify 
yet  again  our  view  of  the  categories? 

Here  is  where  Kempe's  generalization  begins  to  couw  into  sight. 
These  two  categories,  In  at  least  one  very  fundamental  realm  of 
exact  thought,  ran  be  reduced  to  one.    There  is,  namely,  a  worldi 
of  ideal  objerlj)  which  edpeclally  interest  the  logician.     It  is  the' 
worid  of  a  totalitif  of  pota^t  togieol  c/au«,  or  again,  it  is  the  ideal 
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world,  e>quivalent  in  fonnal  structure  to  the  foregoing,  but  composed 
of  a  totality  of  posatble  Btatcments,  or  thirdly,  it  is  the  world,  equiva- 
lont  once  more,  in  formal  structure,  to  the  foregoing,  but  consisting 
of  &  totality  of  posMble  octs  of  tpiU,  of  possible  decisions.  When  we 
proceed  to  oonsider  the  relatioiml  stnicture  of  such  a  world,  taken 
merely  in  the  abstract  as  such  a  structure,  a  relation  comes  into 
sight  wliich  at  once  appears  to  be  peculiarly  general  in  its  nature. 
It  ia  the  so-called  illative  relation,  the  relation  which  obtains  between 
two  classes  when  one  is  subsumed  under  the  other,  or  between  two 
statements,  or  two  decisions,  when  one  implies  or  entails  the  other. 
This  relation  is  transitive,  but  may  be  cither  siymmctrical  or  not 
symmetrical;  so  that,  according  as  it  is  sj'mmetrical  or  not,  it  may 
be  used  either  to  establish  levels  or  to  generate  serins.  In  the  order 
system  of  the  logician's  world,  the  relational  structure  is  thus,  in 
any  case,  a  higlUy  general  and  fundamental  one. 

But  this  is  not  all.  In  this  the  logician's  world  of  classes,  or  of 
statements,  or  of  decisions,  there  is  also  another  relation  observable. 
This  is  the  relation  of  exclusion  or  mutual  oppasition.  This  is  a 
purely  symmetrical  or  reciprocal  relation.  It  has  two  forms  — 
obverec  or  contradictory  opposition,  that  is,  negation  proper,  and 
contrary  opposition.  But  both  these  forma  are  purely  symmetrical. 
And  by  proper  devices  each  of  them  can  be  stated  in  terras  of  the 
other,  or  reduced  to  the  other.  And  further,  as  Kempo  incideatally 
shows,  and  as  Mrs.  Ladd  Franklin  has  also  substantially  shown  in 
her  important  theory  of  the  syllogism,  it  w  poa$ibU  to  $late  every 
proposition,  or  complex  of  propositions  involinng  the  Olatice  relation, 
in  terms  of  this  purely  symmetrical  relation  of  opposition.  Hence, 
80  f ar  ae  mere  relational  form  is  concerned,  the  illative  relation  itself 
may  be  wholly  reduced  to  the  symmetrical  relation  of  opposition. 
This  is  our  first  result  as  to  the  relational  stnicture  of  the  realm  of 
pure  logic,  that  is,  the  realm  of  classes,  of  statements,  or  of  deci- 
sions. 

It  follows  that,  in  describing  the  logician's  world  of  poasible  classes 
or  of  possible  decisions,  all  unsymnietrical.  and  so  all  serial,  relations 
can  be  stated  soUly  in  toTns  of  symmetrical  rdations,  and  can  be  entirely 
reduced  to  Bueh  relations.  Moreover,  as  Kempe  has  also  very  prettily 
shown,  the  relation  of  opposition,  in  its  two  forms,  just  mentioned, 
need  not  be  interpreted  as  obtaining  merely  between  pairs  of  objects. 
It  may  and  does  obtain  between  triads,  let  rods,  n-ads  of  logical  en- 
tities; and  so  all  that  is  true  of  the  relations  of  logical  classes  may 
consequently  be  stated  merely  by  ascribing  certain  perfectly  sym- 
metrical and  homogeneous  predicates  to  pairs,  triads,  tetrads,  n-ads 
of  logical  objects.  The  essential  contrast  between  symmetrical 
and  unsj'romctrical  relations  thus,  In  this  ideal  n?alm  of  the  logi- 
cian, simply  vanLshca.     The  categories  of  the  logician's  worid  of 
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clasem,  of  sfatement^,  or  o£  decisiotts,  ere  marvoloualy  simple.  All 
the  relations  present  may  be  xiewed  aa  variations  of  the  mere  con- 
ception of  opposition  as  distinct  from  non-opposition. 

All  this  holds,  of  course,  so  far,  merely  for  the  logician's  world  of 
classes  or  of  decisions.  There,  at  least,  all  serial  order  can  actually 
be  derived  from  wholly  symmetrical  relations.  But  Kcmpe  now* 
very  beautifully  shows  (and  here  lies  his  great  and  original  contri- 
bution to  our  topic)  —  he  shows,  I  say,  that  the  ordinal  relations 
of  geometry,  as  well  as  of  the  number-system,  can  all  be  regarded 
as  indistinguishable  from  mere  variations  of  those  rtlations  vMch, 
in  pure  logic,  one  finds  to  be  the  symmetricfil  relations  obtaining  within 
pairs  or  triads  of  classes  or  of  statements.  The  formal  identity  of  the 
geometrical  relation  called  "between"  with  a  purely  logical  relation 
which  one  can  define  as  existing  or  as  not  existing  amongst  the  mem- 
bers of  a  given  triad  of  logical  classes,  or  of  logical  statements,  is 
shown  by  Kempe  in  a  fashion  that  I  cannot  here  attempt  to  expound. 
But  Kenipe's  result  thus  enables  one,  as  I  believe,  to  simplify  the 
theorj'  of  relations  far  beyond  the  point  which  RusseU  in  his  brilliant 
book  has  reached.  For  Kempc's  triadic  relation  in  question  can  be 
stated,  in  what  he  calls  ita  obverse  form,  in  perfectly  symmetrical 
terms.  And  he  proves  very  exactly  that  the  resulting  logical  rela- 
tion is  precisely  identical,  in  all  ita  properties,  with  the  fundamental 
ordinal  relation  of  geometry. 

Tlius  the  order-systems  of  geometry  and  analysis  appear  simply 
as  special  cases  of  the  more  general  order^ystem  of  pure  logic.  The 
whole,  both  of  analj-sis  and  of  geometry,  can  be  regarded  as  a  d^ 
scription  of  certain  selected  groups  of  entities,  which  arc  chosen,/- 
according  to  special  niles,  from  a  single  ideal  world.  This  general 
and  inclusive  ideal  world  consists  simply  of  aU  the  objects  whidt  can] 
aland  to  one  anotlter  in  those  symmHrieal  relations  wherein  the  pure 
gieinn  finds  various  statements,  or  various  decision*  inevitably  standing. 
"Let  me,"  says  in  substance  Kcmpe,  "choose  from  the  logician's 
ideal  world  of  classes  or  decisions,  what  entities  I  will;  and  I  will 
show  you  a  collection  of  objects  that  are  in  their  rdatioiutl  structure, 
precisely  identical  with  the  pointa  of  a  geometer's  space  of  n  dimen- 
sions." In  other  words,  all  of  the  geometer's  figures  and  relations  can 
be  precisely  pictured  by  the  relational  structure  of  a  selected  system 
of  classes  or  of  statements,  whose  relations  arc  wholly  and  explicitly 
logical  relations,  such  aa  opposition,  and  whose  relations  may  all 
be  regarded,  accordingly,  aa  reducible  to  a  single  typo  of  purely 
symmetrical  relation. 

Thus,  for  alt  exact  science,  and  not  merely  for  the  logician's  special 
realm,  the  contrast  between  symmetrical  and  unsymmetrical  reh 
Uons  proves  to  be,  after  all,  superfinal  and  derived.    The  ptirely" 
lo^ttl  categories,  such  aa  opposition,  and  such  as  hold  within  the 
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calculus  of  statements,  are,  apparently,  the  basal  calegorwe  of  all 
the  exact  scieoce  that  has  yet  been  developed.  Series  and  levels  are 
relational  structures  that,  sharply  as  they  are  contrasted,  can  he 
derived  from  a  single  root. 

I  have  restated  Kompc's  generalization  in  my  own  way.  I  think 
it  the  most  promising  step  towards  new  light  as  to  the  cat«gories 
that  we  have  made  for  some  generations. 

In  the  field  of  modem  logic,  1  say,  then,  work  is  doing  which  is 
rapidly  tending  towards  the  unification  of  the  tasks  of  our  entire 
division.  For  this  problem  of  the  categories,  in  all  its  abatraciness, 
is  still  a  common  problem  for  all  of  us.  Do  you  ask,  however,  what 
such  researches  can  do  to  furnish  more  special  aid  to  the  workers 
in  metaph^-sics,  in  the  philosophy  of  religion,  in  ethics,  or  in  testhetics, 
beyond  merely  helping  towards  the  formulation  of  a  table  of  cate- 
gories —  then  I  reply  that  we  are  already  not  without  evidence  that 
such  general  researches,  abstract  though  they  may  seem,  arc  bear- 
ing fruits  which  have  much  more  than  a  merely  special  interest. 
Apart  from  its  most  general  problems,  that  analysis  of  mathemat- 
ical concepts  to  which  I  have  referred  has  in  any  case  revealed 
nnmerous  unexpected  connections  between  departments  of  thought 
which  had  seemed  to  be  very  widely  sundered.  One  instance  of  such 
a  connection  I  myself  have  elsewhere  discussed  at  length,  in  its  gen- 
eral metaphysical  bearings.  I  refer  to  the  logical  identity  which 
Dcdekind  6rBt  pointed  out  between  the  mathematical  concept  of 
the  ordinal  number  of  series  and  the  philosophical  concept  of  the 
formal  structure  of  an  ideally  completed  self.  1  have  maintained 
that  this  formal  identity  throws  light  upon  problems  which  have  as 
genuine  an  interest  for  the  student  of  the  philosophy  of  religion  aa 
for  the  logician  of  arithmetic.  In  the  same  connection  it  may  be 
remarked  that,  as  Couturat  and  Rus.sell,  amongst  other  writera, 
Jiave  very  clearly  and  beautifully  showTi,  the  argument  of  the  Kant- 
ian mathematical  antinomies  needs  to  he  explicitly  and  totally 
revised  in  the  light  of  Cantor's  modem  theory  of  infinite  collections. 
To  paw  at  once  to  another,  and  a  very  different  instance:  The  mod- 
cm  mathematical  conceptions  of  what  is  called  group  theory  have 
already  received  very  vide  and  significant  applications,  and  promise 
to  bring  into  unity  regions  of  research  which,  until  recently,  appeared 
to  have  little  or  nothing  to  do  with  one  another.  Quite  lately,  how- 
ever, there  arc  signs  that  group  theory  will  soon  prove  to  be  of  im- 
portance for  the  definition  of  some  of  the  fundamental  concepts  of 
that  most  refractory  branch  of  philosophical  inquiry,  pathetics.  Dr. 
Emch,  in  on  important  paper  in  the  Monist,  called  attention,  some 
time  since,  to  the  symmetry  groups  to  which  ccrtfun  oesthetieally 
pleasing  forma  belong,  and  endeavored  to  point  out  the  empirical 
rdations  between  these  groups  and  the  fcstbetic  effects  in  question. 


1! 

Tbe  grounds  for  such  a  connection  between  the  groups  in  question 
and  the  obecned  oisthetic  effects,  seemed,  la  the  paper  of  Dr.  Emch 
to  be  left  largely  in  the  dark.  But  certain  papers  recently  published 
in  the  country  by  Sliss  Ethel  Puffer,  bearing  upon  the  psychology 
of  the  beautiful  (although  the  author  has  approached  the  subject 
without  being  in  the  least  oonsciousty  influenced,  as  I  understand, 
by  the  conceptions  of  the  mathematical  group  theory),  still  actually 
lead,  if  1  correctly  grasp  the  writer's  meaning,  to  the  doctrine  that- 
the  (esthetic  object,  viewed  as  a  psychological  whole,  must  posseuJ 
a  structure  closely,  if  not  precisely,  equivalent  to  the  ideal  structure 
of  what  the  mathematician  calls  a  group.  I  myself  have  no  authority 
regarding  aesthetic  concepts,  and  sjx'ak  subject  to  correction.  But 
the  unexpected,  and  in  case  of  Miss  Puffer's  research,  quite  uoin-i 
tended,  appearance  of  group  theory-  iu  recent  esthetic  analysis  is  to 
me  an  Impressive  instance  of  the  use  of  relatively  new  mathematical 
conceptions  in  philosophical  r^ons  which  seem,  at  first  sight,  very 
remote  from  mathematics. 

That  both  the  group  concept  and  the  concept  of  the  self  just  su^J 
gcstcd  are  sure  to  have  also  a  wide  application  in  the  ethics  of  thai 
future,  I  am  myself  well  convinced.  In  fact ,  no  branch  of  philosophy  10 
without  close  relations  to  all  such  studies  of  fundamental  categories. 

Those  are  but  hints  and  examples.  They  suffice,  I  hope,  to  show 
that  the  workers  in  this  division  have  deep  common  intci'ests,  and 
will  do  well,  in  future,  to  study  the  arts  of  cooperation,  and  to  regard 
one  another's  progress  with  a  watchful  and  cordial  sympathy.  In  a 
word:  Our  common  problem  is  the  theory  of  the  categories.  That 
problem  can  be  solved  only  by  the  cooperation  of  the  mathema- 
ticians and  of  the  philosophers. 
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Ih  Opening  the  Dopartmcnt  of  Philosophy,  the  Cbainnan,  Pro- 
fieaaor  Borden  P.  Bownc,  LL.D.,  of  Boston  University,  made  an 
interesting  address  on  the  Philosophical  Outlook.  Professor  Bowne 
said  in  part:  — 

I  CQDgratuljitti  tho  niambcn  of  the  FtuJosophicsl  Section  on  the  improved  out- 
look in  piiiloeopliy.  In  the  generation  just  paeafd,  philoeophy  was  Bomowhai  at 
a  discount.  Tlie  great  and  rapid  development  of  phytie&l  science  and  invottlon, 
together  with  the  profound  changes  in  biological  thought,  produced  for  a  time  a 
kind  of  chftos.  Xi;w  facttmre  sliowrrrd  upon  \i»  in  grrAt  abundance. and  we  had 
no  adequate  philoeophioal  preparation  fordealinj;  with  them.  Such  a  cooditkni  ia 
always  disturblog.  The  old  mental  equilibrium  la  overthrown  and  readjustment 
is  a  stow  process.  Beeidea,  the  shallow  sense  philosupliy  of  that  timo  readOy  lent 
itaelf  to  mechanical  and  materialistic  int«rprotationa,  and  for  a  while  it  seemed 
OS  if  all  the  lilgher  faiUu  of  humanity  were  peimancntly  discredited.  All  this  has 
passed  away.  Philosopliicid  critictsm  bogan  ita  work  and  the  naive  dogmatism  of 
materialirticnaturaliKiiiwna  soon  disposed  of.  Itquickly  appeared  tliat our  trouble 
was  not  due  to  tho  new  facta,  but  to  the  superfidal  pbiloeopby  by  which  they  had 
b«8a  iDterpret«.-d.  Now  that  wc  have  a  bctlur  pbilodophy,  we  have  come  to  Uve  in 
perfect  peace  witlitho  facta  once  thought  dijiturbin^,  andcven  to  welcome  them  as 
vahiable  additions  to  knowledge.  .  .  . 

The  Ijrief  naturalistic  episode  was  not  without  instruction  for  us.    It  showed 

Junvely  tlm  gniit  pracUca]  iniiJortAiice  of  phOosophy.    Had  we  hud  thirty 

I  ago  the  current  pbilosopliical  insight,  the  great  development  of  the  physical 

biotogical  scitnoce  would  Iiavo  made  no  dinturbance  whatever.  But  bdng 

aterpre<«d  by  a  crude  Achcmfl  of  tliought,  it  produced  somewhat  of  a  storm. 

Dphy  may  not  contribute  much  of  potritive  value,  but  it  nrtainly  has  an 

'important  negative  function  in  the  way  of  supprcasing  prct«-ntious  dogmatism 

and  Sctitioua  knowledge,  which  often  lead  men  astray.    It  ia  tlieac  things  which 

producir  coiinictn  of  science  aiul  religion  or  wluch  find  in  evolution  tl>e  solvent  of 

all  mysteries  and  the  sourov  of  all  knowledge. 

Concerning  the  partition  of  territory  between  saence  and  philosophy,  there 
ore  two  distinct  questions  respecting  the  facts  of  experience.  First,  wc  need  to 
know  the  facts  in  their  temporal  and  spatial  order,  and  the  way  they  hong  together 
in  a  Wftttsa  of  law.  To  get  this  knowledge  is  the  function  of  acimoe,  and  in  this 
work  science  has  inalienable  rights  and  a  moat  important  practical  function.  This 
work  ciuinot  f>r  dono  by  speculation  nor  interfered  with  by  authority  of  any  kind. 
It  Is  not  surprising,  then,  that  scientists  in  their  sense  of  contact  with  reality 
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should  bo  indignant  with,  or  fed  contempt  for,  ao-j  wbo  seek  to  limit  or  proscribe 
their  mearcb.  But  suppo^ng  this  work  all  done,  thero  rcmaliuaciulhcr  quc^tlou 
rapectin^  the  causality  and  int«q?rctAtion  of  tbo  facts.  Ttiis  question  belotigs  to 
philosophy.  Science  dcccribce  and  rc£i8t«»  the  fscts  with  their  tcniporsl  and 
spstia]  U>ra;  ptiiloaophy  stiuUca  th«tr  eaua&htya&ds^i&cancc.  Aod  while  the 
waeotisi  justly  i^ores  the  philosopher  who  inb*r((rir3  with  his  inquiries,  so  tb« 
philooopher  may  justly  reproach  the  scieotist  who  fails  to  see  that  the  soientifia 
quMtloo  does  not  touch  tba  pbUoaophic  one.  .  .  . 

Is  the  field  of  metaphysics  proper  I  note  a  strong  teodoncy  toward  penooal 
idcallam,  or  as  it  might  he  colled,  PcrfonnJiain;  that  is,  the  doctrine  that  sub- 
stantial reality  can  be  concoivcd  only  under  the  personal  form  and  th«t  oil  c\k  \» 
phcnomeniil.  Thb  li  quite  distinct  from  the  traditional  idealisms  of  mere  conccp- 
tionism.  It  holds  thseeseoitiAl  fact  to  be  a  community  of  persons  with  aSuprftme 
Penoo  at  their  bead  while  the  phenomenal  world  is  only  expmsioo  and  means 
of  oonununication.  Aod  to  this  view  we  arc  led  by  the  failure  of  philosophistiig  on 
the  imporaonal  plane,  which  is  sure  to  lose  itaelf  in  contnidictioD  aitd  tmpossi- 
Ulity.  Under  the  fonn  of  mcobaaical  naturalisni,  with  its  tcodendes  to  mate- 
rialism and  atheism,  impcrsonalism  has  once  more  been  judged  aod  found  want' 
tng.  Wc  are  not  likely  to  have  a  T«cuirenee  of  this  new  unliesa  thet«  be  a  return 
to  philosophical  barbarism.  But  impenonolism  at  th«  opposite  pols  in  ttic  form 
of  abstract  catcfp^riea  of  bcinR,  causality,  unity,  identity,  continuity,  suBtcient 
reason,  etc.,  U  equally  untenable.  Crittuam  aliowa  that  these  categories  when 
absljacUy  and  impersonally  tikkeii  canoel  themselves.  0&  the  impenanal  plane  wo 
cuQ  never  reach  unity  from  plurality,  or  phirality  from  unity;  and  we  can  never 
find  change  in  identity,  or  identity  in  change.  Continuity  in  time  becomes  mere 
suoccsaion  witJiout  tt>e  notioo  of  potentiality,  and  tliis  in  turn  is  empty.  Exist- 
ence itself  is  dispersed  into  nothingnem  through  thv  iufioit«  di\-isibility  of  apace 
nod  time,  while  the  law  of  the  sufficieat  r«asoa  kwea  itself  in  banco  tautology  aod 
the  iuHnitc  ri^ess.  The  nocMsary  logical  cquivaSeooo  of  causo  and  effect  in  any 
impersonal  scheme  makes  all  real  exphmatJon  and  procreas  impoarible,  and  shuts 
us  up  to  an  unintdligible  osdUaUoD  between  potentiality  and  actuality,  to  which 
there  is  no  oorrcsponding  thought.  .  .  . 

Philosophy  is  stlU  lutUtaot  and  has  mud)  work  before  it,  but  the  omens  are 
auspicious,  the  probledos  are  better  understood,  and  we  are  ootniog  to  a  ajrothosis 
o(  tbe  results  of  post  fenerations  of  thlnicing  wliich  vniX  be  a  very  distloet  progtees. 
Fhikaophy  has  already  done  food  servioe,  and  never  better  than  in  recent  times, 
by  destroying  pretended  knowledge  and  making  room  for  the  higher  fiuths  of 
Immanity.  tt  has  also  done  good  eenrice  in  helping  these  futha  to  better  rational 
fonn,  and  thus  "«""'?g  than  against  the  defilements  of  superstitioD  aod  tbe 
eaviliugs  of  hostile  critics.  With  all  its  abemtiODt  aod  shortcoDiiogs,  philosophy 
deserves  well  of  humanity. 
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tOvofige  Holmes  Howisoo,  Mills  Vroteator  of  lotellKtual  and  Moral  Philo- 
sophy Rtid  Civil  Piilitv,  Universitv  of  California,  b.  Montgomery  County, 
MarvlMi.!,  18.34.  A.IV  Morietta  toUegp,  1852  ;  M, A.  1855;  LL.D.  ibid. 
ISSi-  rvsUgruduutc.  Ltuie  Tliculogicul  Seminary,  Unireraity  of  BerUa, 
and  Oxford.  H«admiu>tcr  High  School,  SiUcm,  3Iau.,  I8^-(M;  AAslst'ant 
Profe»orof  Mstlwniatio,  Waahinglon  irniversity.St- Louis,  1864-66)  Til** 
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the  riiiloAOfihv  of  Scio»c«,  MaaAachuaetts  Intttitute  of  Technology,  1871-70: 
Irfcttirer  on  fitlum,  Bnrvard  I'nivprnitv,  187ft-80;  Lecturer  on  IjOgic  and 
Spectilaiivc  Philoitopliv,  Uulvcreity  of  ^{icluf^.  1883-84.  Uomberaud  vicc- 
Dnwldrnt  St.  I^ouiii  PhiloMphical  Society;  member  CaUfomi&  Historical 
Society;  Amcricin  lli^torirKl  A!c«i>ctntion;  .\mcrif-An  Aasociation  lor  tlir 
AdTuic«Daciil  of  ScifDcc ;  NutioiiHl  Oeogmphic  Society,  etc.  Author  of 
Treatise  on  Anaiyltf  Gfomttry,  1869;  Tht  LimiU  of  Evolution,  1901,  2d  edi- 
tion, 1904;  joint,  niHhor-iml  editor  of  Thr  Coru-fotinnoJ  (IwiJRHT.rlc.  Editor 
Pliilovopiiical  Publications  of  I'nivereity  ol  Califoniia;  American  Editorial 
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The  duty  has  been  assigned  me,  honored  colleaguca,  of  address- 
iig  you  on  the  Fundamental  Conceptions  and  the  Methods  of  our 
common  pursuit  —  philosophy.  In  endeavoring  to  deal  with  the 
ibjcct  in  a  way  not  unworthy  of  its  depth  and  its  extent,  I  have 
^found  it  impossible  to  bring  the  essential  material  within  less  com- 
pass than  would  occupy,  in  reading,  at  least  four  times  the  period 
[^nmted  by  our  proRramme.  I  have  therefore  complied  with  the  rule 
of  the  Congress  which  directs  that,  if  a  more  extended  writing  be 
left  with  the  authorities  for  publication,  the  reading  must  be  re- 
stricted to  such  a  portion  of  it  as  will  not  exceed  the  allotted  time. 
I  will  accordingly  read  to  you,  first,  a  brief  summary  of  my  entire 
discussion,  by  way  of  iotroduction,  and  then  an  excerpt  from  the 
larger  document,  which  may  ser\'e  for  a  specimen,  as  our  scholastic 
predecessors  used  to  say,  of  the  whole  inquiry  I  have  carried  out. 
The  impression  will,  of  course,  be  fragmentary,  and  I  roust  ask 
beforehand  for  your  most  benevolent  allowances,  to  prevent  a  judg- 
ment too  unfavorable. 

The  discussion  naturally  falls  into  two  main  parts;  the  first 
dealing  with  the  Fundamental  Conceptions;  and  the  second,  with 
the  Methods. 

In  the  former,  after  presenting  the  conception  of  philosophy 
itself,  as  the  consideration  of  things  in  the  light  of  the  u^kole,  I  take  up 
the  involved  Fundamental  Concepts  in  the  following  order:  — 
I.  Whole  and  Part; 

H.  Stibject  and  Objwt  Cl'^nowing  and  Being,  Mind  and  Matter; 
Dualism,  Materialism,  Idealism); 

in.  Reality  and  Appearance  (Noumcnon  and  Phenomenon); 
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IV.  Cause  and  Effect  (Ground  and  Consequcnra;  Causa]  System); 
V.  One  and  Many  (Number  System;  Monism  and  Pluralism); 

VI.  Time  and  Space  (theii  rdation  to  Number;  their  Origin  and 

Real  Meaning); 
VII.  Unconditioned  and  ConditioQed  (Soul,  World,  God;    theit 
Rcinterpretation  in  terms  of  Pluralism) ; 
VIU.  Tlic  True,  the  Beautiful,  the  Good  (their  relation   to  the 
question  between  Monism  and  Pluralism). 

These  are  successively  dealt  with  as  they  rise  one  out  of  the  other 
in  the  process  of  Interpreting  them  and  applying  them  in  the  actual 
creation  of  philosophy,  as  this  goes  on  in  the  historic  schools.  The 
theoretic  progress  of  philosophy  is  in  this  way  explained  by  them, 
in  its  movement  from  natxiral  dualism,  or  realism,  through  the 
successive  forms  of  monism,  materialistic,  agnostic,  and  idealistic, 
until  it  reaches  the  issue,  now  coming  so  strongly  fonvard  within 
the  school  of  idealism,  betn'een  the  adherents  of  monism  and  those 
of  pluralism. 

The  importance  of  the  Fundamental  Concepts  is  shown  to  increase 
08  we  pass  along  the  list,  till  on  reaching  Cause  and  Effect,  and 
entering  upon  its  full  interpretation  into  the  complete  System  of 
Causes,  we  arrive  at  the  very  significant  conception  of  the  Keci- 
pHOarr  of  Fir8T  Cause&,  and  through  it  come  to  the  1*»imact  ^f 
FiKAL  Cause,  and  the  deri\*ative  position  of  the  other  forms  of  cause, 
Material,  Formal,  Efficient.  The  philosophic  strength  of  idealism, 
but  especially  of  idealistic  pluralism,  comes  into  clear  tight  as  the  re- 
sult of  this  ttage  of  the  inquiry.  But  it  appeare  yet  more  decidedly 
when  One  and  Many,  Time  and  Space,  and  their  interrelationSt 
arc  subjected  to  analysis.  So  the  discusnon  next  passes  to  the 
higher  conceptions,  Soul,  World,  God,  by  the  pathway  of  the  cor- 
relation Unconditioned  and  Conditioned,  and  its  kindred  contrasts 
Absolute  and  Relative,  Necessary  and  Contingent,  Infinite  and 
Finite,  corroborating  and  reinforcing  the  import  of  idefilism,  and, 
still  more  decidedly,  that  of  its  plural  form.  Finally,  the  strong 
and  favorable  bearing  of  this  last  on  the  dissolution  of  agnosticism 
and  the  habilitation  of  the  ideals,  the  True,  the  Beautiful,  and  the 
Good,  in  a  heightened  meaning,  is  brought  out. 

This  carries  the  inquirj-  to  the  eecond  part  of  it,  that  of  the  Philo- 
sophical Methods.  Here  I  recount  these  in  a  scries  of  six:  the 
Dogmatic,  the  Skeptical,  the  Critical,  the  Pragmatic,  the  Genetic, 
the  Dialectic.  These,  I  show,  in  spite  of  the  tendency  of  the  earlier 
members  in  the  aeries  to  over-emphasis,  all  ha\*e  (heir  place  and 
function  in  the  development  of  a  complete  philosophy,  and  in  fact 
form  an  ascending  series  in  methodic  cCfectivenee,*,  bII  thst  precede 
the  last  being  taken  up  into  the  comprehensive  Oitical  Rationalism 
of  the  last.    Methodology  thus  passes  upward,  over  the  ascending 
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and  u-idemng  roadways  of  (1)  Intuition  and  Deduction;  (2)  £x-' 
perience  and  loductioD;  (3)  Intuition  and  Experience  adjusted  by 
Critical  Limits;  (4)  Skepticism  reinJorced  and  made  r/uasi-affirm- 
ative  by  Desire  and  Will;  (o)  Empiricism  enlarged  by  aubsiitu- 
tion  oE  cosmic  and  psychic  history  for  subjective  consciousneaa; 
(6)  Bnligbteued  return  to  a  Rationalism  critically  established  by 
the  mcluston  of  the  preceding  elements,  and  by  the  sifting  and  the 
grading  of  the  Fundamental  Concepts  through  their  behavior  when 
tested  by  the  effort  to  make  them  universal.  In  this  way,  the 
methods  fall  into  a  Sj'stem,  the  organic  principle  of  which  is  this 
principle  of  Dialectic,  which  proves  it«eLf  alone  able  to  establish 
ne^esfary  truths;  that  is,  truths  indeed.  —  judgments  that  are  seen 
to  exclude  their  opposites,  because,  in  the  attempt  to  substitute  the 
opposite,  the  place  of  it  is  still  filled  by  the  judgment  which  it  aims 
Co  dislodge. 

And  DOW,  with  your  favoring  leave,  I  will  read  the  excerpt  from 

my  larger  text. 

The  task  to  which,  in  an  especial  sense,  the  cultivators  of  philo- 

)phy  are  summoned  by  the  plans  of  the  present  Congress  of  Arts 

id  Science,  is  certainly  such  as  to  stir  an  ambition  to  achieve  it. 

{PAt  the  same  time,  it  t«mpers  eagerness  by  its  vast  difficulty,  and  the 
apprehen»on  lost  this  may  prove  insuperable.  The  task,  the  ofScen 
of  the  Congress  tell  us,  is  no  less  than  to  promote  the  unification  of 
all  human  knowledge.  It  requires,  then,  the  reduction  of  the  enor- 
mous detail  In  our  present  miscellany  of  sciences  and  arts,  which  to 
a  general  glance,  or  even  to  a  more  intimate  view,  presents  a  con- 
fusion of  differences  that  seems  ovcnvhelming,  to  a  »)*stem  ncver- 

itheless  clearly  harmonious, — founded,  that  is  to  say,  upon  um- 
rersal  principles  which  control  all  differences  by  explaining  them, 
which  therefore,  in  the  last  resort,  themselves  flow  lucidly  from 
t  single  supreme  principle.   Simply  testate  this  meaning  of  the  task 

^«et  us,  is  enough  to  awaken  the  doubt  of  its  practicability. 

This  doubt,  we  are  bound  to  confess,  has  more  and  more  impressed 
itself  upon  the  general  mind,  the  farther  this  has  advanced  in  the 
experience  of  scientific  di»cover>-.  The  very  increase  in  the  multi- 
plicity and  complexity  of  facts  and  their  causal  groupings  increases 
the  feeling  thai  at  the  root  of  things  there  is  "a  final  inexplicabiljty  " 
—  total  reality  seems,  more  and  more,  too  vast,  too  prcjfound,  for  n« 
to  grasp  or  to  fathom.  And  yet,  strangely  enough,  this  increasing 
sense  of  mysterious  vastness  has  not  in  the  least  prevented  the  modem 
mind  from  more  and  more  asserting,  with  a  steadily  increasing  in- 
sistence, the  essential  and  unchangeable  unity  of  that  whole  of  things 

Lvhich  to  our  ordinarj'  experience,  and  even  to  all  our  sciences,  appears 

>>ueh  an  endless  and  impenetrable  complex  of  differences,  —  yes,  of 
contradictions.  In  fact,  this  assertion  of  the  unity  of  all  things,  under 
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the  favorite  name  of  the  Unity  of  Nature,  U  the  pet  dogma  of  modern 
science;  or,  rather,  to  speak  irith  right  accuracy,  it  is  the  8tocl<-in- 
trade  of  a  phiiosophy  of  science,  current  among  many  of  the  leaders 
of  modern  science;  for  every  such  assertion,  covering,  as  it  tacitly 
and  unavoidably  does,  a  view  about  the  absolute  whole,  is  an  asser- 
tion belonging  to  the  province  of  philosophy,  before  whose  tribunal 
it  must  come  for  the  assessment  of  its  value.  The  presuppositions 
of  all  the  special  sciences,  and,  above  all,  this  presupposition  of  the 
Unity  and  Uniformity  of  Nature,  common  to  all  of  them,  must  thus 
come  back  for  justification  and  re^juisitc  definition  to  philosophy  — 
that  uppermost  and  alt-inclusive  form  of  cognition  which  addresses 
itself  to  the  whole  as  whole.  In  their  common  assertion  of  the  Unity 
of  Nature,  the  exponents  of  modem  science  come  unawares  out  of 
their  own  province  into  quite  another  and  a  higher;  and  in  doing  so 
they  show  how  unawares  they  come,  by  presenting  in  most  instances 
the  curious  spectacle  of  proclfuming  at  once  their  increasing  belief 
in  the  unity  of  things,  and  their  increasing  disbelief  in  its  pene- 
trability by  our  intelligence:  — 

In'»  Innere  dtr  Natur, 
Dringt  kein  ersehaffner  Oeist, 

is  their  chosen  poet's  expression  nf  their  philosophic  mood.  Curiona 
we  have  the  right  to  call  this  state  of  the  scientific  mind,  because 
it  is  to  critical  reflection  so  certainly  self-eon  trad  ietory.  How  can 
there  be  a  real  unity  belonging  to  what  is  inscrutable?  —  what  evi- 
dence of  unity  can  there  be,  except  in  intelligible  and  explanatory 
continuity? 

But,  at  all  events,  this  very  mood  of  agnostic  self-contradiction, 
into  which  the  development  of  the  sciences  casts  such  a  multitude 
of  minds,  brings  them,  — brings  all  of  us,  —  as  already  indicated, 
into  that  court  of  philosophy  where  alone  such  issues  lawfully  belong, 
and  where  alone  they  can  be  adjudicated.  It  the  unification  of  the 
sciences  can  be  made  out  to  be  real  by  making  out  its  sole  suCBoient 
condition,  namely,  that  there  is  a  genuine,  and  not  a  merely  nominal, 
unity  in  the  whole  of  reality  itself,  —  a  unity  that  explains  because 
it  is  itself,  not  simply  intelligible,  but  the  only  completely  intelligible 
of  things.  —  this  di>sirable  result  must  be  the  work  of  philosophy. 
However  difficult  the  task  may  be,  it  isrightly  put  upon  us  who  belong 
to  the  Department  listed  first  among  the  twenty-four  In  the  pro- 
gramme of  this  representative  Congress. 

I  cannot  but  express  my  own  satisfaetion,  as  a  member  of  this 
Department,  nor  fail  to  extend  my  cnngratulatiofis  to  yon  who  are 
my  ooUeafuee  tn  it,  that  the  Congress,  in  its  programmr,  takes 
openly  the  affirmative  nn  this  question  of  the  possible  unitication  of 
knowledge.     The  Congress  has  thus  declared  beforehand  for  the 
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practicflbility  of  the  taak  it  sets.  It  has  even  declared  for  it«  not 
distant,  accomplishment;  indeed,  not  impossibly,  its  accompiii4hment 
throufi^h  the  tntnsactions  of  the  Conficress  itself;  and  it  indicates,  by 
no  uncertain  signs,  the  leading,  the  determining  part  that  philoeophy 
must  have  in  the  achievement.  In  fact ,  the  authorities  of  the  Congirea* 
themselves  suRgrst  a  solution  of  their  owti  for  their  problem.  In  their 
programme  we  sec  a  renewed  Hierarchy  of  the  Sciences,  and  at  the 
summit  of  tha  nppearg  now  n^ain.  after  so  long  a  period  of  humiliating 
obscuration,  the  figure  of  I^hilosophy,  raised  anew  to  that  supremacy, 

f^M  Queen  of  the  Sciences,  which  had  been  hers  from  the  days  of  Plato 
to  those  of  Copernicus,  but  which  she  began  to  lose  when  modem 
physical  and  historical  rescarcb  entered  upon  its  courae  of  sudden 
dcvoJopment,  and  which,  until  recently,  she  has  continued  more  and 
more  to  lose  as  the  sciences  have  advaner<l  in  their  career  of  discover- 
ies, —  ever  more  unexpected,  more  astonishing,  yet  more  convincing 
and  more  helpful  to  (he  welfare  of  mankind.  May  this  sign  of  her 
recovered  empire  not  fail!  If  we  rejoice  at  the  token,  the  Congress 
has  made  it  our  part  to  sec  that  the  title  is  vindicated.  It  is  ours  to 
show  this  Dormative  function  of  philosophy,  this  power  to  reign  as  the 
unifying  discipline  in  the  entire  realm  of  our  possible  knowltidge;  to 
show  it  by  showing  that  the  very  nature  of  philosophy  —  its  ele- 
mental concepts  and  its  directing  ideals,  its  methods  taken  in  their 
systematic  succession  —  is  such  aa  must  result  in  a  view  of  universal 
reality _that  will  supply  the  principle  at  once  giving  rise  to  all  the 
sciences  and  connecting  them  alt  into  one  harmonious  whole. 

Such,  and  so  grave,  my  honored  colleagues,  is  the  duty  assigned  to 
this  hour.  Sincerely  can  I  say,  Would  it  had  fallen  to  stronger  hands 
than  mine !  But  since  to  mine  it  has  been  committed,  I  will  undertake 
it  in  no  disheartened  spirit;  rather,  in  that  temper  of  animated  hope 
in  which  the  whole  Congress  has  been  conceived  and  planned.  And 
I  draw  encouragement  from  the  place,  and  ita  associations,  where 
we  are  asscmblecl  —  from  its  historic  connections  not  only  with  the 
external  expansion  of  our  country,  but  with  ita  growth  in  culture, 
and  especially  with  its  growth  in  the  cultivation  of  philosophy.  For 
your  six'aker,  at  least,  can  never  forget  that  here  in  St.  Louis,  the 
metropolis  of  the  region  by  which  our  national  domain  was  in  the 
Ixiuisiana  Purchase  so  enlarged.  —  here  was  the  centre  of  a  move- 
ment in  philosophic  study  that  hsuf  proved  to  bo  of  national  import. 
It  is  fitting  that  we  all,  here  to-<lay.  near  to  the  scene  itself,  com- 

I'lnemorate  the  public  .'wn-ice  done  by  onr  present  Kational  Commis- 
sioDer  of  Education  and  his  gmnp  of  enthuaastic  associates,  in 
beginning  here,  in  the  middle  years  of  the  preceding  century,  those 
studies  of  Kant  and  hia  great  idoaliatic  successors  that  unexpectedly 
became  the  nucleus  of  a  wider  and  more  penetrating  study  of  philo- 
lophy  in  all  parts  of  our  country'.    It  ia  wUh.  quickened  memones 


178 


PHILOSOPHY 


Monging  to  the  spot  where,  more  than  fivc-and-thirly  years  ago,  it 
v&s  my  happy  fortune  to  take  some  part  with  Dr.  Harris  and  his 
companions,  that  I  begin  the  task  assigned  me.    The  undertaking 
aeems  less  hopeless  when  1  ean  here  recall  the  naraee  and  the  can- 
genial  labors  of  Harris,  of  Davidson,  of  Brockmeyer,  of  Snider,  of 
Watters,  of  Jones,  —  half  of  them  now  gone  from  life.  They  "  builded 
better  than  they  knew;"  and,  humbly  as  they  may  tht'myelves  havf 
estimated  their  ingenuous  efforts  to  gain  acquaintiince  with  the  great-] 
est  thoughts,  history  will  not  fail  to  take  note  of  what  they  did,  as] 
marking  one  of  the  tuming-jwinia  in  the  culture  of  our  nation.   Thei 
publication  of  the  Journal  of  SpccuUilivc  Fhiiosopby,  granting  all ' 
the  subtractions  claimed  by  its  critics  on  Che  score  of  defects  (of 
which  its  conductors  were  perhn|)s  only  too  sensible),  was  an  influence 
that  told  in  all  our  circles  of  plulusuphical  study,  and  thence  in  the 
whole  of  our  social  as  well  as  our  academic  life. 

[Here  I  enter  upon  the  discti^ion  of  the  subject  proper,  beginning, 
as  above  indicated,  with  the  Fundamental  Conceptiona.  Having 
followed  these  through  the  contrasts  Whole  and  Part,  Subject  and 
Object,  Reality  and  Appearance  (or  Noumenon  and  Phenomenon), 
and  developed  the  bearing  of  these  on  the  procedure  of  thought  from 
the  dualism  of  natural  reali.sm  to  materialism  and  thence  to  ideaUsror  | 
nith  the  issue  now  coming  on,  in  this  last,  between  monism  and 
pluralism,  I  strike  into  the  contrast  Cause  and  ElTect,  and,  noting 
its  unfolding  into  the  more  comprehensive  form  of  Ground  and  Con- 
sequence, go  on  thence  as  follows:  ] 


It  is  plain  that  the  contrast  Ground  and  Consequence  will  enable 
US  to  state  the  new  issue  with  closer  precision  and  pertinence  than 
Reality  and  Appearance,  Noumenon  and  Phenomenon,  can  supply; 
while,  at  the  eame  time.  Ground  and  Consequence  exhibits  Cause  and^ 
Effect  a^  presenting  a  contrast  tliat  only  fulfills  what  Noumenon  and 
Phenomenon  foretold  and  strove  towards;  in  fact,  what  was  more 
remotely,  but  not  less  surely,  also  indicateti  by  Whole  and  Part, 
Knowing  and  Being,  Subject  and  Object.  Fur  in  penetrating  to  the 
coherent  meaning  of  these  conceptiona,  the  philosophic  movement, 
as  we  saw,  advanced  steadily  to  the  fuller  and  fuller  translating  of 
each  of  them  into  the  reality  that  unifies  by  cjpianation,  instead  of 
pretending  to  explain  by  merely  unifying;  and  this,  of  course,  will 
now  be  put  forward  explicitly,  in  the  clarified  categor)-  of  Cause  and 
Effect,  transfigured  from  a  physical  into  a  purely  logical  relation. 
What  idealism  now  says,  tn  terms  of  this,  is  that  the  Cause  (or,  as 
we  now  read  it.  the  (Jround)  of  all  that  exists  is  the  Subject;  is 
Mind,  the  intelligently  Self-conscious;  and  that  all  things  else,  the 
mere  objects,  material  things,  ar«  its  0>Dsequence,  its  Outcome,  — 
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in  that  E«iisc  its  Effect.  And  what  the  new  pluralistic  idealism  says, 
is  that  the  aaaemblage  of  individual  minds  —  intelligeuoc  hcing 
essentially  pereonal  and  individual,  and  never  merely  universal 
and  collective  —  is  the  tnie  total  Cause  of  all,  and  that  every  mind 
thus  Ix'lungs  to  the  onier  of  First  C&usce;  nevertheless,  that  part, 
and  the  must  significant  part,  of  the  nature  of  every  mind,  essential 
to  it8  personality  and  its  reaaon,  is  H$  recognition  of  other  minds  in 
the  very  ad  of  its  oum  self-dcfiniii(m.  That  is  to  say,  a  mind  by  its 
Q>ootaneou8  nature  as  intelligence,  by  its  intrinsic  rational  or  logical 
genius,  puts  itself  as  member  of  a  tystem  of  minds;  all  minds  are  put 
by  each  other  as  Ends  —  completely  standard  and  sacred  Objects, 
as  much  parts  of  the  system  of  true  Causes  as  each  is,  in  its  capacity 
of  Subject;  and  we  have  a  noumcnal  Reahty  that  is  properly  to  be 
described  as  the  eternal  Federal  UepubUc  of  Spirits. 

ConsequcnUy,  the  relation  of  Cause  and  Effect  now  expands  and 
heightens  into  a  6y6t«m  of  the  Recifrocity  of  First  Causes;  causes, 
that  is.  which,  while  all  coefficients  in  the  existence  and  expUnation 
of  that  natural  world  of  experience  which  forms  their  passive  effect, 
their  objects  of  mere  perception,  are  themselves  related  only  in  the 
higher  way  of  Final  Causes  —  that  is,  Defining-Bases  and  Knds  — 
of  each  other,  making  them  the  logical  Complenjents,  and  the  Ob* 
jecta  of  conduct,  all  for  each,  and  each  for  all.  Hence,  the  sj-stem 
of  causation  undergoes  a  signal  transformation,  and  proves  to  be 
organized  by  Final  Cause  as  its  basts  and  root,  imttead  of  by  EHicient 
Cause,  or  Originating  Ground,  as  the  earlier  stages  of  thinking  had 
always  assumed. 

The  causal  relation  between  the  absolute  or  primary  reaUties 
b^g  purely  Final,  or  Defining  and  l^Jrposive;  that  is  to  say,  the 
uncoercive  intiuence  of  recognition  and  ideahty;  all  the  other  forms 
of  cause,  as  grouped  by  Aristotle,  —  Material,  Formal,  and  Efhclent, 
—  are  seen  to  bo  the  derivatives  of  Final  Cause,  as  being  supphed 
by  the  action  of  the  minds  that,  as  absolute  or  underivcd  realities, 
exist  only  in  the  relation  of  mutual  Complements  and  Ends.  Accord- 
ingly, Efficient  Cause  operates  only  from  minds,  as  noumena,  to 
matter,  as  their  phenomenon,  their  presented  contents  of  experience; 
or.  in  a  secondary  and  derivative  sense,  from  one  phenomenon  to 
another,  or  from  one  group  of  phenomena  to  another  group,  these 
playing  the  part  of  transmitters,  or  {as  some  logicians  would  say) 
Instrumental  Causes,  or  Means.  Cause,  as  Material,  is  hence  defined 
as  the  elementary  phenomenon,  and  the  combinations  of  this;  and 
therefore,  strictly  taken,  is  merely  Effect  (or  Outcome)  of  the  self- 
active  consciousness,  whose  spontaneous  forms  of  conceptbn  and 
perception  become  the  Formal  Cause  that  organizes  the  sum  of 
phenomena  into  cosmic  harmony  or  unity. 
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Here,  accordingly,  comes  into  view  tbe  furtber  aod  to  aome  respects 
deeper  conceptual  pair.  Many  and  One.  TTie  hiatory  of  pliilosophic 
thought  proves  that  i\m  antUhesia  is  darkly  obscure  and  deeply 
ambiguous;  for  about  it  have  centred  a  large  part  of  the  conflicts 
of  doctrine.  This  pair  has  already  been  used,  implicitly,  in  exhibiting 
the  development  of  the  preceding  group,  Cause  and  Effi^t;  and 
in  so  using  it  we  have  supplied  ourselves  with  a  partial  clarUicatton 
of  it,  and  with  one  poesible  solution  of  its  ambiguity.  We  have  seen, 
namely,  how  our  strong  natural  persuasion  that  philosophy  guided 
by  the  fundamental  concept  Cause  must  become  the  search  for  the 
One  amid  the  wilderness  of  the  Many,  and  that  lliis  search  cannot 
be  satisfied  and  ended  except  in  an  all-inclusive  Unit,  in  which  tho 
Many  is  embraced  as  the  integral  and  originated  parts,  coro|^otely 
determined,  subjected,  and  controlled,  may  give  way  to  another 
and  less  opprt-saive  conception  of  unity;  a  conception  of  it  as  the 
harmony  among  many  free  and  independent  primary  realities, 
a  harmony  founded  on  their  intelligent  and  reasonable  mutual 
recognition.  This  conception  casta  at  least  somf  clearing  light  upon 
the  long  and  Hrpar>-  disputes  over  the  Many  and  the  One;  for  it 
exposes,  plainly,  the  main  source  of  them.  They  have  arisen  out  of 
two  chief  ambiguitirs,  —  the  ambiguity  nf  the  concept  One,  and  the 
ambiguity  of  the  concept  Cause  in  its  supreme  meaning.  The  normal 
conirast  between  the  One  and  the  Many  is  a  clear  and  simple  con- 
trast: the  One  is  the  single  unit,  and  the  Many  is  the  repetition  of 
the  unit,  or  is  the  collection  of  the  several  unita.  But  if  wc  go  on  to 
suppose  that  there  is  a  collection  or  sum  of  all  possible  units,  and 
call  this  the  Whole,  then,  since  there  can  bo  no  second  such,  we  call 
it  also  ''one"  (or  the  One,  by  way  of  prei^minence),  overlooking  the 
fact  that  it  differs  from  the  simple  one,  or  unit,  tn  genere;  that  it  is 
in  fact  not  a  unit  at  all,  not  an  elementary  member  of  a  series,  but 
the  annulment  of  all  series;  that  our  name  ''one"  has  profoundly 
changed  i\s  meaning,  and  now  stands  for  the  Sole,  the  Only.  Thus, 
by  our  forgetfulncss  of  differences,  wc  fall  into  deep  water,  and, 
with  the  confused  illusions  of  the  drowning,  dream  of  the  One  and 
All  as  the  single  punctnm  originatumis  of  all  things,  the  Source  and 
Begetter  of  the  very  units  of  which  it  is  in  reality  only  the  resultant 
and  the  derivative.  Or.  from  another  point  of  \*icw.  and  in  another 
mood,  we  rightly  enough  take  the  One  to  moan  the  coherent,  the 
intelligible,  the  eonsistent,  the  harmonious;  and  pntliog  the  Many, 
on  the  misleading  hint  of  ita  contrast  to  the  unit,  in  antithesis  to 
this  One  of  harmony,  wc  fall  into  the  belief  that  the  Many  cannot 
bo  harmonious,  is  intrinsically  a  cluster  of  repulsions  or  of  cnlliidona, 
incapable  of  giving  rise  tn  accord;  indeed.  CBSPntially  hnstjie  to  it. 
So,  as  accord  is  the  aim  and  the  essence  of  our  reason,  we  are  caught 
in  ihe  snare  of  momsm.  jiliiralism  having  apparently  become  the 
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cquivftlent  of  chaos,  and  tbus  the  brU  noir  of  rational  metaphysics. 
Nay,  in  the  opposed  camp  Itwlf,  aome  of  the  most  anient  adhervnta 
of  pluralism,  the  liveliest  of  w-it,  the  most  exuberant  in  literary  re- 

iroes,  are  the  abjectest  believers  in  the  hopeless  disjunction  and 
*tapricionsnes3  of  the  plural,  and  hold  there  is  a  rift  in  the  texture  of 
reality  that  no  intelligence,  "even  though  you  dub  it '  the  Absolute, ' " 
can  mend  or  reach  across.  Yel  surely  there  is  nothing  in  the  Many,  as 
a  sum  of  units,  the  least  at  war  with  the  One  as  a  system  of  harmony. 
On  the  contrary,  even  in  the  pure  form  of  the  Number  Series,  the 
Many  is  impossible  except  on  the  princi[de  of  harmony,  — the  units 
can  be  collected  and  summed  (that  is,  constitute  the  Many),  only 
if  they  cohere  in  a  community  of  intrinac  kindred.  Consequently 
the  whole  question  of  the  chaotic  or  the  harmonic  nature  of  a  plural 
world  turns  on  the  nature  of  the  genus  which  we  find  chamcteristic 
of  the  absolutely  {i.f:. ,  the  unreseri'edly)  real,  and  which  Ja  to  be  taken 
as  the  common  denomination  enabling  us  to  count  them  and  to  sum 
them.  When  minds  are  seen  to  be  necessarily  the  primary  rcalitira, 
but  aUo  nfcrxnarity  federal  as  well  as  individual,  the  illusion  about 
the  casontial  diajunctton  and  non-coherence  of  the  plurally  resil  dis- 
solves  away,  and  a  primordial  worid  of  manifold  persons  is  seen 
to  involve  no  fundamental  or  hopeless  anarchy  of  individualism, 
irreducible  in  caprice,  but  an  indwelling  principle  of  harmony, 
rather,  that  from  the  springs  of  individual  being  intends  the  control 
and  composure  of  all  the  dlfiorders  that  mark  the  world  of  experien- 
tial appearance,  and  so  must  tend  perpetually  to  effect  this. 

The  other  main  source  of  our  confusions  over  the  Many  and  the 
One  is  the  variety  of  meaning  hidden  in  the  concept  Cause,  and  our 
propensity  to  take  its  moat  obvious  but  least  significant  sense  for 
ita  supreme  intent.  Closest  at  hand,  in  experience,  is  our  prtiductive 
cauaation  of  changes  in  our  sense-world,  and  hence  most  obvious 
ia  that  reading  of  Cause  which  takes  it  as  the  producer  <if  changes 
and,  nith  a  deeper  comprehenaon  of  it,  of  the  inalterable  linkage 
between  changes,  whereby  one  follows  regularly  and  surely  ujxrn 
another.  Thus  what  we  have  in  philosophy  agreed  to  call  Kflicient 
Cause  comes  to  be  mistaken  for  the  profoundest  and  the  supreme  form 
of  cause,  and  all  the  other  modes  of  cause,  the  Material  (or  Stuff), 
the  Form  (or  Conception),  and  the  End  (or  IHirpose),  Us  conse- 
quent and  derivative  auxiliaries.  Under  the  influetioe  of  this  strong 
impreswion,  we  either  assume  total  reality  to  be  One  Whole,  all- 
embracing  and  all-producing  of  its  manifold  modes,  or  else  view  it 
as  a  duality,  consisting  of  One  Creator  and  his  manifold  creatures. 
So  it  has  cnmc  about  that  metaphyeica  has  hitherto  been  chiefly 
a  contention  between  pantheism  and  monotheism,  or,  as  the  latter 
ahould  for  greater  accuracy  be  called,  monarohotheiam:  and,  it 
must  be  acknowledged,  this  atniggic  has  l>een  attended  by  a  con- 
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tinued  (though  not  continual)  decline  of  this  later  dualisUc  theory 
before  the  stradfoAt  front  and  unyielding  advance  of  the  older 
monism.  Thus  persistent  has  been  the  aaBtunptioD  that  harmony  can 
only  be  assured  by  the  unity  given  in  some  single  productive  causa- 
tion :  the  only  serious  uncertainty  has  hecn  about  the  most  raiional 
way  of  conceiving  the  operation  of  this  Sole  Cause;  and  this  doubt 
has  thus  for,  on  the  whole,  declined  in  favor  of  the  Elder  Oriental 
or  monistic  conception,  as  agamst  the  Hebraic  conception  of  extra- 
neous creation  by  fiat.  The  frankly  confessed  mystery  of  the  latter, 
its  open  appeal  to  nuracle,  places  it  at  a  fatal  disadvantage  vnth  the 
Elder  Orientalism,  when  the  appeal  Is  to  reason  and  int«lligibUity. 
It  is  therefore  no  occasion  for  wonder  that,  especially  since  the  rise 
of  the  scientific  doctrine  of  Evolution,  with  its  postulate  of  a  univer^ 
sol  unity,  self-varying  yet  self-fulfilling,  even  the  leaders  of  theology 
ore  more  and  more  falling  Into  the  monistic  line  and  swelling  the 
ever-growing  ranks  of  pantheism.  If  it  be  asked  here,  And  wJiy  not  t 
—  ichere  is  the  harm  of  Uf  —  is  not  the  whole  qitestion  simply  of  what 
is  trucf  the  answer  is,  The  mortal  harm  of  the  destrudion  of  personal- 
ity, vfhich  lives  or  diev  with  tiie  pre3en:ation  or  destrudion  of  individual 
respoTmbiliiy;  while  the  compleier  tntih  is,  t/utt  there  are  other  and 
profounder  {or,  if  you  please,  higher)  truths  than  this  of  explanation 
by  E$cicnt  Cause.  In  fact,  there  is  a  higlior  ounccption  of  Cause 
itself  than  this  of  production,  or  efficiency;  for,  of  course,  as  we  well 
might  e<ay,  that  alone  can  be  the  supreme  conception  of  Cause  which 
can  ^ul>sist  between  absolute  or  unreserved  realities,  and  such  must 
exclude  their  production  or  their  noecssitating  control  by  others. 
So  that  we  ought  long  since  to  have  realized  that  Final  Clause,  the 
recognized  presence  to  each  other  os  unconditioned  realities,  or  De- 
fining Auxiliaries  and  Ends,  \e  the  sole  causal  relation  that  can  hold 
among  primar>'  realities;  though  among  such  it  can  hold,  and  in 
fact  must. 

For  the  absolute  reality  of  peraonal  inteUigeoces,  at  once  indi- 
vidual and  universally  recognizant  of  others,  is  called  lor  by  other 
conceptions  fundamental  to  philosophy.  These  other  fundameutal 
concepts  can  no  more  be  counted  out  or  ignored  than  those  we  have 
hitherto  considered;  and  when  wo  take  Ihem  up.  we  sliaU  see  huw 
vastly  more  significant  they  are.  They  alone  will  prove  supreme, 
truly  organising,  normative;  they  alone  cau  introduce  gradation  ia 
truths,  (or  they  alone  introduce  the  judgment  of  worth,  of  valuation; 
they  alone  can  give  us  counacls  of  perfection,  for  they  alone  rise 
from  those  elements  in  our  being  which  deal  with  ideals  and  with 
veritable  Ideas.  So  let  us  proceed  to  them. 


Our  path  into  their  presence,  however,  is  through  aoother  pair, 
not  so  plainly  antithetic  as  those  we  have  thus  far  considered.  This 
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i;>atr  that  I  now  meaa  id  Time  antl  Space,  w^ch,  though  not  ob- 
viously antinomic,  yet  owca  its  existence,  as  can  now  Iw  shown, 
to  that  profoundest  of  conccpt-contraats  which  we  earlier  considered 
under  the  head  of  Subject  and  Object,  when  the  Object  takes  on  ita 
only  adequate  form  of  Other  Subject.  But  in  passing  from  the  con- 
trast One  and  Many  towards  its  rational  transformation  into  the 
moral  society  of  Mind  and  Companion  Minds,  we  brealc  into  this 
pair  of  Time  and  Space,  and  most  make  our  way  through  it  by 
taking  in  its  full  moanin;. 

Thne  and  Space  piny  an  enormous  part:  in  all  ourempirical  thinking, 

our  actual  uscof  thoufubt  in  our  sense-perceptive  life.  And  no  wonder; 

for,  in  cooperation,  they  form  the  postulate  and  condition  of  all  our 

possible  sensuous  consciotisness.    Only  on  them  as  backgrounds  can 

thought  take  on  the  peculiar  clearness  of  an  image  or  a  picture;  only 

on  the  screens  which  they  supply  can  we  literally  depict  an  object. 

And  this  clarity  of  outline  and  Ixiundary  is  so  dear  to  our  ordinary 

teonsciousncss,  that  \vc  are  prone  to  say  there  is  no  sufficient,  no  real 

'elcamcRs,  unless  we  can  clarify  by  the  bounds  either  of  place  or  of 

date,  or  of  both.    In  this  mood,  we  nre  led  to  deny  the  reality  and 

^validity  of  thought  altogether,  when  it  cannot  be  defined  in  the  metes 

'and  bounds  afforded  by  Time  or  by  Space:  that  which  has  no  date 

nor  place,  we  say,  —  no  extent  and  no  duration,  —  cannot  be  real; 

is  but  a  pspudo- thought,  a  pretense  and  a  delusion.  Here  is  the 
ctremely  plausible  foundation  of  the  philosophy  known  as  sensa- 
iionism,  the  refined  or  second-thought  form  of  materialism.  In  which 
it  begins  its  euthanasia  into  idealism. 

Without  delaying  here  to  criticise  This,  let  us  notice  the  part  that 
Time  and  Space  play  in  reference  to  the  conceptual  pair  we  laat  con- 
sidered, the  One  and  the  Many;  for  not  otherwiHe  shall  we  find  our 
way  beyond  them  to  the  still  more  fuiulanicatal  cona»ption3  which 
we  are  now  aiming  to  reach.  Indeed,  it  is  through  our  surfaee-appre- 
snsion  of  the  pair  One  and  Many,  »«  this  illumines  experience,  that 

I  most  naturally  vamixc  at  the  pair  Time  and  Space;  so  that  these  are 
at  Grst  taken  for  mere  generalizations  and  abstractions,  the  purely 
nominal  representatives  of  the  actual  distinctions  between  the  mem- 
bers of  the  Many  by  our  sense- percept  ion  of  this  from  that,  of  here 
from  there,  of  now  from  then.  It  is  not  till  our  reflective  attention  is 
fixed  on  the  fact  that  there  and  here,  now  and  tfum,  arc  piculiar  dis- 
tinctions, wholly  different  from  other  contrasts  of  this  with  that,  — 
which  may  be  made  in  all  sorts  of  ways,  by  difference  of  quality,  or  of 
{uantity.  or  of  relations  quite  other  thou  place  and  date,  —  it  is  not 
we  realize  this  pecuiiar  eharactur  of  the  Time-contrast  and  the 
Spaoe-contmst,  that  we  see  these  singular  differential  quaiin  cannot 
be  derived  from  others,  not  even  from  the  contrast  One  and  Many, 
but  arc  independent,  are  themselves  underived  and  spontaneous 
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utterances  of  our  intelligent,  our  percipient  nature.  But  when  Kant 
first  helped  mankind  to  the  roalization  of  this  siwntancous  (or 
a  prwri)  character  of  thia  pair  of  perceptive  conditions,  or  Sense- 
Forms,  he  fell  into  the  persuasion,  and  led  tlic  philoMophic  world  into 
it,  that  though  Time  and  Space  arc  not  derivatives  of  the  One  and 
the  Many  read  as  the  numerie_al  n.s|>ect  of  our  perceptive  experiences, 
yet  there  is  between  the  two  pairs  a  connection  of  dependence  as 
intimate  aa  that  first  supposed,  but  in  exactly  the  opposite  sense; 
namely,  that  the  One  and  the  Many  are  conditioned  by  Time  and 
Space,  or,  when  it  comes  to  the  last  resort.,  ore  at  any  rate  com]>Ietcly 
dependent  upon  Time.  By  a  series  of  units,  this  view  means,  we  really 
understand  a  set  of  items  discriminated  and  related  either  as  points  or 
OS  instants:  in  the  last  analysis,  as  instants:  that  is,  it  is  impossible 
to  apprehend  a  unit,  or  tu  count  and  sum  units,  unless  the  unit  is  taken 
as  an  instant,  and  the  uuit^  as  so  many  instants.  Nunilwrs,  K&nt 
holds,  arc  no  doubt  pure  (or  (|uite  uusensuous)  percepts,  —  dis- 
cerned particutars,  —  therefore  spontaueous  products  of  the  mind 
a  priori,  Imt  made  possible  only  by  the  primary  pure  percept  Time, 
or,  again,  through  the  mediation  of  this,  by  the  ounjoineil  pure  [ler- 
cept  Space;  so  that  the  numbere,  in  their  own  pure  character,  are 
wmply  the  instanli;  in  their  series.  As  t)ie  inatantfi.  and  thert^forc  the 
numbers,  are  pure  percepts,  —  particulars  discerned  without  the 
help  of  sense,  ^  so  pure  jjercepls,  in  a  primal  awl  comprehensive 
sense,  ai^es  Kant,  must  their  conditioning  postulates  lime  and 
Space  be,  to  supply  the  "element,"  or  "me<lium,"  that  will  render 
such  pure  perceptti  possible. 

Tliis  doctrine  of  Kant's  is  certainly  plausible;  indeed,  it  la  impress- 
ively so;  and  it  has  taken  a  vast  hold  in  the  world  of  science,  and 
has  reinforced  the  popular  belief  in  the  unreality  of  thought  apart 
from  Time  and  Space;  an  unreality  which  it  is  an  essential  part  of 
Kant's  system  to  establish  critically.  But  as  a  graver  result,  it  has 
certainly  tended  to  discredit  ihe  belief  in  personal  identity  as  an 
abiding  and  immutable  reality,  enthroned  over  the  mutations  of 
things  in  Time  and  Space;  since  all  that  is  in  tliese  is  numbered  and 
is  mutable,  and  is  rather  many  than  one,  yet  nothing  is  believed  real 
except  as  it  falls  under  them,  at  any  rate  under  Time.  And  with  this 
decline  of  the  belief  in  o  changeless  self,  has  declined,  almost  as  rapidly 
and  extensi\'ely,  the  belief  in  immortality.  Or,  rather,  the  per- 
manence and  the  identity  of  the  person  lias  faded  into  a  question 
regarded  as  unanswerable ;  though  none  the  Icse  does  this  agnostic 
state  of  belief  tend  U>  take  pcreonality.  in  any  responsible  sense  of 
the  word,  out  of  the  region  of  practical  concern.  With  what  is  un- 
knowaljlc,  even  if  existing,  we  can  have  no  active  traffic;  'tia  for 
our  conduct  as  if  it  vfere  not. 
So  it  behooves  us  to  search  if  this  pre\'alent  view  about  the  relation 
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or  Ooe  and  Many  to  Time  and  Space  ia  tniBtworthy  and  exact.  What 
place  and  function  in  philosophy  must  Space  and  Time  be  given?  — 
for  they  certainly  liave  a  place  and  function;  ihey  certainly  arc 
among  the  inexpugnable  cDnceptions  with  wliich  thought  has  to 
concern  itscU  when  it  undertakes  to  gain  a  view  of  the  whole.  But 
it  may  be  easy  to  give  them  a  lai:ger  place  and  function  than  belong 
to  them  by  right.  Is  it  true,  then,  that  the  One  and  the  Many  —  that 
the  ey8t«m  of  Numbers,  in  short  —  arc  unthinkable  except  as  in 
Space  and  Time,  or,  at  any  rate,  in  Hmc?  Or,  to  put  the  question 
more  exactly,  aa  well  bs  more  gravely  and  more  pertinently.  Are 
Space  and  Time  the  true  principia  individui,  and  is  Time  preemi- 
nently the  ultimate  principium  individuationis  t  Is  there  accordingly 
no  individuality,  and  no  society,  no  aasociative  assemblage,  except 
ja  the  fleeting  world  of  phenomena,  dated  and  placed?  Simply  to  ask 
question,  and  thus  bring  out  the  full  drift  of  this  Kantian  doc- 
trine, ia  almost  to  expose  the  absurdity  of  it.  Such  a  doctrine,  though 
it  may  be  wisely  refusing  to  confound  personality,  true  individuaUty, 
with  the  mere  logical  singular;  nay,  worse,  with  a  limited  and  special 
illustration  of  the  singular,  the  one  here  or  the  one  there,  the  one  now 
or  the  one  Oicn  ;  nevertheless,  by  confining  numcrability  to  things 
material  and  sensible,  makes  personal  identity  something  unmeaning 
or  impoasible,  and  destroys  part  of  the  foundation  for  the  relations 
of  moral  responsibility.  Though  the  vital  trait  of  the  person,  his 
genuine  individuality,  doubtless  lies,  not  in  his  being  exactly  num- 
erable, but  in  his  being  aboriginal  and  originative;  in  a  word,  in  hia 
self-activity,  in  his  being  a  centre  of  autonomous  social  recognition; 
yet  exactly  numerable  he  indeed  is,  and  must  be,  not  eonftiaable  with 
any  other,  else  his  professed  autonomy,  his  claim  of  rights  and  his 
sense  of  duty,  can  have  no  significance,  must  vanish  in  the  universal 
confusion  belonging  to  the  indefinite.  Nor,  on  the  other  hand,  is  it  at 
all  true  thai  a  number  hag  to  be  a  point  or  an  instant,  nor  that  things 
when  numbered  and  counted  arc  implicitly  pinned  upon  points  or,  at 
all  events,  upon  instanttt.  It  may  ^^'ell  enough  be  the  fact  that  in  our 
empirical  «?e  of  number  we  have  to  employ  Time,  or  even  Space,  but 
it  is  a  gaping  nnn  sequitur  to  conclude  that  we  therefore  can  count 
nothing  but  the  placed  and  the  dated.  Cerlainly  we  count  whenever 
we  diatintfuiah,  —  by  whatever  means,  on  whatever  ground.  To 
think  is.  in  general,  at  least  to  "distinguish  the  things  that  differ;" 
but  this  will  not  avail  except  we  keep  account  of  the  dilTerenoes; 
hence  the  One  and  the  Many  He  in  the  very  bosom  of  intelligence, 
and  this  fundamental  and  spontaneous  contrast  can  not  only  rive 
Time  and  Space  into  exprcssinna  of  it,  in  instants  and  in  points,  but 
travels  with  thought  from  its  start  to  ila  goal,  and  as  organic  factor 
in  mathcmalieol  science  does  indeed,  aa  Plato  in  the  HepidfUe  said, 
deal  with  absolute  being,  if  yot  dreomwiae ;  so  that  One  and  Many, 
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and  Many  aa  the  sum  of  the  ones,  makes  part  of  the  measure  of  that 
prUnally  real  world  which  the  world  of  minds  alone  can  be.  If  the 
contrast  One  and  Muny  can  puss  the  bounds  of  the  merely  phenome- 
nal, by  passing  the  temporal  and  the  spatial;  if  it  applies  to  univeisal 
bemg,  to  the  nounienal  as  well  as  to  the  phenomenal;  then  the  abso- 
lutely real  world,  so  far  as  concerns  this  essential  condition,  can  be 
a  world  of  genuine  individuals,  identifiable,  freu,  abiding,  responsible, 
and  there  can  l>c  a  rfal  moral  order;  if  not,  then  there  can  be  no 
euch  moral  world,  and  the  deeper  thought-conceptions  to  which  we 
now  approach  must  be  regarded,  at  the  best,  as  fair  illusions,  bare 
ideals,  wluch  the  serious  devotee  of  truth  must  shun,  except  in  such 
moments  of  vacancy  and  leisure  aa  he  may  venture  to  surrender, 
at  intervals,  to  purdy  bodonic  uses.  But  if  the  One  and  the  Many 
arc  not  dependent  on  l^mc  and  Space,  their  universal  validity  is 
possible;  and  it  has  already  been  shown  that  they  are  not  so  de- 
pendent, are  not  thus  restricted. 

And  now  it  remains  to  show  their  actual  universality, by  exhibiting 
their  place  in  the  structure  of  the  absolutely  real;  since  nobody  calls 
in  question  their  pertinence  to  the  world  of  phenomena.  But  their 
noumeual  applicability  follows  from  their  essential  implication  uith 
all  and  ever)'  difference:  no  difference,  no  distinction,  that  does  not 
carrj'  counting;  and  this  is  quite  as  true  as  that  there  can  bo  no  count- 
ing without  difference.  The  One  and  the  Many  thus  root  in  Identity 
and  Difference,  pass  up  into  fuller  expression  in  Universal  and  Par- 
ticular, hold  fom-ard  into  Cause  and  Kffect,  attain  their  commanding 
presentation  in  the  Heclprocity  of  i'list  Causes,  and  so  keep  record  of 
the  contrast  between  Necessity  and  Contingency.  In  short,  they  are 
founded  in,  and  in  their  turn  help  (indispensably)  to  express,  all  the 
categories,  —  Quality,  Quantity,  Relation,  Modality.  Nor  do  they 
suffer  arrest  there;  they  hold  in  the  ideals,  the  True,  the  Beautiful, 
the  Good,  and  in  the  primary  Ideas,  the  Self,  the  World,  and  God. 
For  all  of  these  differ,  however  close  their  logical  linkage  may  be; 
and  in  so  far  as  they  differ,  each  of  them  is  a  counted  unit,  and  so  they 
are  many.  And,  most  profoundly  of  all.  One  and  Many  take  footing 
in  absolute  reality  so  soon  as  we  realize  that  nothing  short  of  intelli- 
gent being  can  be  primordially  real,  underivcd.  and  truly  causa!,  and 
that  intelligence  is,  by  its  idea,  at  once  an  /-thinking  and  a  universal 
rccognizant  outlook  upon  others  that  think  /, 

Hence  Number,  so  far  from  being  the  derivaiive  of  Time  nnd  Space, 
foundu,  at  the  bottom,  in  the  self-definition  and  loeial  rect^gnilion  of 
intelligent  beings,  and  so  6nd8  a  priori  a  valid  citprrssion  in  Time  and 
in  Space,  aa  well  as  in  every  other  primitive  and  spontAnoous  form  in 
which  intelligence  utters  itself.  The  Pythagorr-an  doctrine  of  the  rank 
of  Number  in  the  scale  of  realities  is  only  one  remove  from  the  truth: 
though  the  numbers  arc  Indeed  not  the  Prime  Beings,  they  do  enter 
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into  the  essential  caluro  of  the  Prime  Beings;  are,  so  to  speak,  the 
organ  of  their  defitiiie  reality  and  identity,  and  for  that  reason  go 
forward  into  the  entire  defining  procedure  by  which  these  intelii- 
geooes  organise  their  world  uf  experiences.  And  the  popular  impres- 
aion  that  'tiaw  and  Space  are  derivatives  from  Nuniber,  is  in  one 
aspect  tho  truth,  rather  than  the  doctrine  of  Kant  isj  for  tliough  they 
arc  not  mere  generalizations  and  abfitraotions  from  numbered  dates 
sod  durations,  places  and  extents,  they  do  exist  as  relating-priuciples 
which  minds  simply  put,  as  tho  conditions  of  perceptite  cxpericneea  ; 
which  by  the  nature  of  intelligence  they  must  number  in  order  to 
have  and  to  master;  while  N'umbcr  itself,  the  contrast  of  One  and 
Many,  enters  into  the  vcrj'  being  of  minds,  and  therefore  still  holds 
in  Time  and  in  Space,  which  are  the  organs,  or  media,  not  of  the  whole 
being  of  the  mind,  but  only  of  that  region  of  it  constituted  by  sensa- 
tion, —  the  material,  the  disjunct,  the  empirical.  Besides,  the  logical 
priority  of  Number  is  implied  in  the  fact  that  minds  in  putting  Time 
and  Space  a  pnoH  must  count  them  as  two,  since  they  discriminate 
them  ftith  complete  clearness,  so  that  it  is  impossible  to  work  up 
Space  out  of  Time  (as  Berkeley  and  Stuart  Mill  so  adroitly,  but  so 
v&tnly.attemptcd  to  do),  or  Timeout  of  Space  (asUegeltnithsolitUd 
adroitness  and  such  patent  failure,  attempted  to  do).  No;  there  Time 
and  Space  stand,  fixed  and  inconfusable,  incapable  of  mutual  traofr- 
mutatiun,  and  thus  the  ground  of  an  abiding  difference  between  the 
inner  or  psycliio  sense-world  and  the  outer  or  physical,  between  the 
subjective  and  the  (sensibly)  objective.  By  means  of  them,  the  world 
of  minds  discenis  and  bounds  securely  between  the  privacy  of  each 
and  the  pubhcity,  the  life  "out  of  doois,"  which  is  coumion  to  all; 
between  the  cohering  isolation  of  the  individual  and  the  communicat* 
ing  action  of  the  society.  Indeed,  as  from  this  attained  point  of  view 
we  can  now  clearly  see,  the  real  ground  of  the  difference  between 
lime  and  Space,  and  hence  between  subjective  perception  and  the 
objective  existence  of  physical  things,  is  in  the  fact  that  a  mind,  in 
Ueing  auch, — in  its  ver>'  act  of  self-definition.  —  correlates  itself 
with  a  tocitty  of  minds,  and  so,  to  fulfill  its  nature,  in  so  far  as  this 
includes  a  world  of  experiences,  must  form  its  experience  socially  as 
well  as  privately,  and  hence  will  put  forth  a  condition  of  seniuous 
communication,  as  well  as  a  condition  of  inner  sensation.  Thus  the 
dualization  of  the  sense-world  into  inner  and  outer,  p.'^ychic  and 
physical,  subjective  and  objective,  rests  at  last  on  the  intrinsically 
social  nature  of  conscious  being;  rests  on  the  twofold  structure, 
logically  dichotomoua,  of  the  self-defining  act;  and  we  get  the  explan- 
ation, from  the  nature  of  intelligence  as  such,  why  the  Scnsc-Forma 
are  necessarily  two.  and  only  two.  It  is  no  accident  that  we  experi- 
ence all  things  Rensible  in  Hmc  or  in  Space,  or  in  both  together;  it  is 
the  natural  expression  of  our  primaUy  mtdUgent  being,  coacemed 
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OS  that  is,  directly  and  only,  mith  our  self  and  iUt  logically  necessary 
complement,  the  other  selves;  and  so  the  natural  order,  in  its  two 
discriminated  but  complemental  portions,  the  inner  and  the  outer, 
ie  founded  in  that  moral  order  which  is  given  in  the  fundamental  act  of 
our  intelligence.  It  is  this  resting  of  Space  upon  our  veritablt;  Objects, 
the  Other  Subjects,  that  imparts  to  it  its  externalizing  quality,  so 
that  things  in  it  are  referred  to  the  testing  of  all  minds,  not  to  ours 
only,  and  arc  reckoned  external  because  measured  by  that  which  is 
alone  indeed  other  than  we. 

In  this  way  vre  may  burst  the  restricting  limit  which  so  much  of 
philosophy,  and  so  much  more  of  ordinary  opinion,  has  drawn  about 
our  mental  powers  in  view  of  this  contrast  Time  and  Space,  espe- 
cially with  reference  to  the  One  and  the  Many,  and  to  the  persuasion 
that  plural  distinctions,  at  any  rate,  cannot  belong  in  the  region  of 
absolute  roaUty.  Ordinary  opinion  either  incUnes  to  support  a  philo- 
sophy that  is  skeptical  of  either  Unity  or  Plurality  being  pertinent 
beyond  Time  and  Space,  and  thus  to  hold  by  agnosticism,  or,  if  it 
affects  affirmative  metaphyaics,  tends  to  prefer  monism  to  pluralism, 
when  the  number^ategory  is  carried  up  into  immutable  regions:  to 
represent  the  absolutely  real  as  One,  somehow  seems  less  contradict- 
ory of  the  "fitness  of  things*'  than  to  represent  it  as  Many;  more- 
over, c-arr>'ing  the  Many  into  that  supreme  region,  by  implying  the 
belonging  there  of  mortals  such  as  we,  seems  shocking  to  customary 
piety,  and  full  of  extravagant  presumption.  Still,  nothing  short  of 
this  can  really  satisfy  our  deep  demand  (or  a  moral  order,  a  pergonal 
responsibility ,  nay,  an  adequate  logical  fulftllraeut  of  our  conception  of 
aself  asantnff//i(;K^ic«;  while  the  clarification  which  a  rational  plural- 
ism supplies  for  such  ingrained  puzzles  in  the  theory  of  knowledge  aa 
that  of  the  source  and  finality  of  the  contrast  Time  and  Space,  to 
mention  no  others,  should  afford  a  strong  corroborative  evidence  in 
its  behalf.  And,  as  already  said,  this  Wew  enables  us  to  pass  the 
limit  which  Time  and  Space  are  so  often  supposed  to  put,  hopdrasly, 
upon  our  concepts  of  the  ideal  grade,  the  springs  of  all  our  aspira- 
tion.  To  these,  then,  we  may  now  past. 


We  reach  them  through  the  doorways  of  the  Neceasaiy  vs.  the 
Contingent,  the  Unconditioned  va.  the  Conditioned,  the  Infinite  r«.  the 
Finite,  the  Absolute  us.  the  Relative;  and  we  recognize  them  as  our 
profoundest  fnundation-concepts,  alone  deserving,  as  Kant  so  per- 
tinently said,  the  name  of  Ideas,  —  the  Soul,  the  World,  and  God. 
Associated  with  them  are  what  wo  may  call  our  ihree  Forms  of  the 
Ideal,  —  the  True,  the  Beautiful,  the  Good.  Thwe  Ideas  and  their 
affiliated  ideals  have  the  highest  directive  and  settling  function  in 
the  organization  of  philoAophy;  they  determine  its  schools  and  its 
hiatoty,  by  forming  the  centre  of  all  its  controlling  problems;  they 
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pwecribc  its  ftreat  subdivisions,  breaking  it  up  intn  Mctaph>*sics, 
jtlathetics,  and  Kthics,  and  Metaphysics,  again,  into  Psychology 
Cosmology,  and  Ontology.  —  or  Theology  in  the  classic  sense,  which, 
in  the  modem  sense,  becomes  the  Philosophy  of  Ilcligion;  they  call 
into  existence,  as  essential  preparatory  and  auxiliary  disciplines, 

'Logic  and  the  Theorj"  of  Knowledge,  or  KpLstemologj-.  They  thus 
provide  the  true  distinctions  between  philosophy  and  the  aciencee  of 

■  experience,  and  prwtent  these  sciences  as  the  canying  out,  upon 

Uxperienlial  details,  of  the  mcthodolngical  principles  which  philo- 
sophy alone  can  supply;  hence  Ihey  lead  ub  to  view  all  the  scicDcea 
OB  in  foet  the  applied  branches,  the  completing  oigans  of  philosophy, 
instead  of  its  hostile  competitors. 

As  for  the  coni  rolling  qnestinns  which  they  start,  these  are  such  as 
foUow  :  Are  the  ideals  but  bare  ideals,  serving  only  to  east  "  a  light 
that  never  was.  on  land  or  sea?"  —  are  the  Ideas  only  bare  ideas, 
without  any  objective  being  of  their  own,  without  any  fooling  in  the 
real,  serving  only  to  enhance  the  dull  facts  of  experience  with  auroral 
illusions?  The  philosophic  thinker  answers  affirmatively,  or  with 
complete  skeptical  dubiety,  or  with  a  convinced  and  uplifting  n^a- 
tivc,  according  to  his  less  or  greater  penetration  into  the  real  meaning 
of  these  deepest  concepts,  and  depending  on  his  view  into  the  nature 
and  t hough t-K^ffect  of  the  Necessary  and  the  Contingent,  the  Uncon- 
ditioned and  the  Conditioned,  the  luBnite  and  the  Finite,  the  Abso- 
lute and  the  Helative. 

And  what,  now,  nre  the  accurate,  the  adequate  meanings  of  the 
three  Ideas?  —  what  does  our  profoundest  thought  intend  by  the 
lul,  by  the  World,  by  God?  We  know  how  Kant  eonstnied  them^ 
In  coneequence  of  the  course  by  which  he  came  critically  (as  he 
Bupposed)  upon  them,  —  as  respectively  the  paramount  Subject  of 
experiences;  the  paramount  Object  of  experiences,  or  the  Causal 
Unity  of  the  possible  series  of  sensible  objects;  and  the  complete 
Totality  of  Conditions  for  experience  and  ite  objects,  itself  therefore 
the  Unconditioned.  It  Is  worth  our  notice,  that  especially  by  his  con- 
etniing  I  he  idea  of  God  in  this  way,  thus  rehabilitating  the  classical 
and  scholastic  conception  of  God  as  the  Sum  of  all  Realities,  he  laid 
the  foundation  for  that  ver\'  transfiguration  of  mysticism,  that  ideal- 
istic monism,  which  he  himself  repudiated,  but  which  his  three  noted 
successors  in  their  several  ways  so  ardently  accepted ,  and  which  has 
rince  80  pen-aded  the  philosophic  world.  But  suppose  Kant's  alleged 
critical  analyms  of  the  three  Ideas  and  their  logical  basts  is  in  fact  far 
from  critical,  far  from  "exactly  discriminativo,'*  —  and  I  believe 
there  is  the  clearest  warrant  for  declaring  that  it  is,  —  then,  the 

tassumed  "undeniable  critical  basis"  for  idealistic  monism  will  be 
didodgcd,  and  it  will  be  open  to  us  to  interpret  the  Ideas  with  accu- 
ncy  ind  consistency  —  an  interpretation  which  may  prove  to  ostab- 
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lish,  not  at  all  any  monism,  but  a  rational  pluralism.  And  this  will 
also  reveal  to  uh,  1  think,  that  our  prevalent  construing  of  the  Uncon- 
ditioned and  the  Conditioned,  the  Neccssarj'  and  the  Contingent,  the 
Iniinitc  and  the  Finite,  the  Absolute  and  the  Relative,  suflfere  from 
an  equal  inaccuracy  of  analysis,  and  precisely  for  this  reason  gives 
a  plausible  but  in  fact  untrustworthy  support  t«  the  monistic  inter- 
pretation of  God,  and  Soul,  and  World;  or,  as  Hegel  and  his  chief 
fldherenU  prefer  to  name  them,  God,  Mind,  and  Nature.  If  the 
Kantian  analysis  stands,  then  it  eeems  to  follow,  clearly  enough,  that 
God  is  the  Inclusive  Unit  which  at  once  embraces  Mind  and  Nature, 
Soul  and  World,  expresses  itself  in  them,  and  imparts  to  them  their 
meaning;  and  the  plain  dictate  then  is,  that  Kant's  personal  pre- 
judice, and  the  personal  prejudices  of  others  like  him,  in  favor  of 
a  transcendent  God,  must  give  \^'ay  to  that  conception  of  the  Divine, 
as  immanent  and  inclusive,  which  is  alone  consistent  with  its  being 
indeed  the  Totality  of  Conditions,  —  the  Necessary  Postulate,  and 
the  Suflicicnt  Reason,  for  both  Subject  and  Object. 

But  will  Kant's  analysis  stajid?  Have  wc  not  here  another  of  his 
few  but  fatal  slips,  —  like  his  doctrine  of  the  dependence  of  Number 
upon  Time  and  Space,  and  its  consequent  subjection  to  Ihem?  It 
surely  seems  so.  If  the  veritable  postulate  of  categorical  syllogizing 
be,  OS  Ksnt  thinks  it  is,  merely  the  Subject,  the  self  as  expcricncer  of 
presented  phenomena,  iu  contrast  to  the  Object,  the  causally  unitod 
sum  of  possible  phenomena;  and  if  the  true  postulate  of  conditional 
syllogizing  is  this  cosmic  Object,  as  contrasted  with  the  correlate 
Subject,  then  it  would  seem  we  cannot  avoid  certain  pertinent  ques- 
tions. Is  such  a  postulate  Subject  any  fit  and  adequate  account  of  ihe 
whole  Self,  of  the  Soul?  —  is  there  not  a  vital  diffexence  between  this 
aubject-self  and  the  Self  as  i'urson?  —  does  not  Kant  himself  imply 
80,  in  his  doctrine  of  the  primacy  of  the  Practical  Reason?  Aguu:  Is 
not  tlic  World,  as  explained  in  Kant's  analysis,  and  as  afterwards 
made  by  him  the  solution  of  the  Cosmological  Antinomies,  simply  the 
supplemental  factor  necessarily  correlate  to  the  subjective  aspect 
of  the  conscious  life,  and  reduced  from  its  uncritical  rflle  of  thing-in- 
ilaelf  to  the  intelli^ble  subordination  required  by  Kant's  theorj'  of 
Transcendental  Idealism?  —  and  can  this  be  any  adequate  account 
of  the  Idea  that  is  to  stand  in  sufficing  contrast  to  the  whole  Self, 
the  Person?  —  what  less  than  the  Society  of  Persons  caa  meet  the 
World-Idea  for  that?  Further:  If  with  Kant  we  take  the  World  to 
mean  no  more  than  this  object-factor  in  si'lf-constiousness,  must  not 
the  Soul,  the  total  Self,  from  which,  according  to  Kant's  Transcen- 
dental Idealiam,  both  Space  and  Time  issue,  supplying  the  basis  (or 
the  immutable  contrast  between  the  expcriencine  subject  and  the 
really  experienced  objecta,  ^ must  not  this  u^oU  Self  be  Ihe  real 
meaning  of  the  "  Totality  of  Conditions,  itself  unconditioned,"  wtiich 
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eomcs  into  view  as  Bimply  the  postulate  of  disjunctive  syllogiBing? 
How  in  the  world  can  disjunctive  syUogizing,  the  confessed  act  of 
the  /-thinking  iatelligence,  really  postulate  anything  as  Totality  of 
Conditiona,  in  any  other  senae  than  the  total  of  conditions  for  such 
syllogizing?  —  namely,  the  conditioning  /  that  organizes  and  does 
the  reasoning?  There  is  surety  no  warrant  for  calling  this  total,  which 
simply  transcends  and  conditions  the  subject  and  the  object  of  sen- 
sible experiences,  by  any  loftier  name  thaji  that  which  Kaut  had 
already  given  it  in  the  Deduction  of  the  Categories,  when  he  desig- 
Bftted  it  (he  "originally  synthetic  unity  of  apperception  (self-con- 
sciousness),'' or  "  the  /-thinking  (das  ich-daihc)  that  must  accompany 
all  my  mental  presentations,"  —  that  is  to  say,  the  whole  Self,  or 
thinking  Person,  ideal istically  interpreted.  The  use  of  the  name  God 
in  this  connection,  where  Kant  is  in  fact  only  seeking  the  roots  of  the 
three  orders  of  the  syllogism  when  reasoning  has  by  supposition  been 
ratricted  lo  iht  ituhjecl-matler  of  experience,  is  assuredly  without  war- 
rant; yea,  without  excuse.  In  fact,  it  is  because  Kant  sees  that  the 
third  Idea,  as  reached  through  his  analysis,  is  intrinsically  Immanent, 
—  resident  in  the  self  that  syllogizes  disjunctix-ely,  and,  because  so 
resident,  incapable  of  passing  the  bounds  of  possible  experience,  — 
while  he  also  sees  that  the  idea  of  God  should  mean  a  Reing  tran- 
scendent of  ever)'  other  thinker,  himself  a  distinct  individual  con- 
sciousness, though  not  an  empiricallj"  limited  one,  —  it  is,  I  say, 
precisely  because  he  sees  all  this,  that  he  pronounces  the  Idea,  though 
named  wiih  (he  name  of  God,  utterly  without  pertinence  to  indicate 
God's  existence,  and  so  enters  upon  that  part  of  his  Transcendental 
Dialectic  which  is,  tn  chief,  directed  to  exposing  the  transcendental 
illusion  involved  in  the  celebrated  Ontological  Proof.  Consistently, 
Kant  in  this  famou.4  analytic  of  the  syllogism  should  be  talking,  not 
of  the  Soul,  the  World,  and  God,  but  of  the  Subject  (as  uniting- 
principle  of  its  sense- pfrccptiorw),  the  Object  (as  uniting-principlo  of 
all  possible  aenae-pfrcfpto),  and  the  Seif  (the  whole  /  presiding  over 
experience  in  both  its  aspects,  as  these  are  discriminated  in  Time  and 
Space).  By  what  rational  title  —  even  granting  for  the  sake  of  argu- 
ment that  they  are  the  genuine  postulates  of  categorical  and  of  con- 
ditional syllogizing  —  can  this  Subject  and  this  Object,  these  corre- 
late factors  in  the  Self,  rank  as  Ideas  w*ith  the  Idea  of  their  cnndi- 
tJoning  Whole  —  the  Self,  that  in  its  still  unaltered  identity  fulfills,  in 
Practical  Reason,  the  high  r4Me  of  Person?  If  this  no  more  than  meets 
theatandan-j  of  Idea,  how  can  they  meet  it?  How  can  two  somethings, 
neither  of  which  is  the  Totality  of  Conditions,  and  both  of  which  are 
therefore  in  fact  conditioned,  deserve  the  same  title  with  that  which 
is  intrinsically  the  TntaliTv  of  Conditions,  and,  as  such,  uncondi- 
tioned? To  call  the  conditioned  and  the  unconditioned  alike  Ideas  ia 
a  confounding  of  dignities  that  Pure  Reason  should  not  tolerate, 
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whether  the  procedure  be  road  aa  a  leveling  down  or  a  leveling  up. 
Distributing  the  titles  confcxred  by  Pure  Reason  in  this  democratic 
fashion  reminds  us  too  much,  unhappily  for  Kant,  of  the  Cnrte&iaji 
performances  with  Sulwtanrc;  whereby  God,  mind,  and  matter  be- 
came alike  "  substances,"  though  only  God  could  in  truth  be  said  to 
"  require  nothing  for  his  existence  save  himself,"  while  mind  and 
matter,  though  absolutely  dependent  on  God,  and  derivative  from 
him,  were  still  to  bo  called  substances  in  the  "modified"  and  Pick- 
wiekian  sense  of  being  underived  from  each  other. 

But  if  Kant's  naming  hifi  third  syllagistic  poatulate  the  Idea  of 
God  Is  inconsequent  upon  his  analysis;  or  if,  when  the  analysis  is 
made  consequent  by  taking  the  third  Idea  to  mean  the  whole  Self, 
the  first  and  second  postulates  sink  in  conceptual  rank,  so  that  they 
cannot  with  any  pertinence  be  called  Ideas,  unless  we  are  willing  to 
keep  the  same  name  when  it«  meaning  must  be  changed  in  gcnere,  — 
a.  procedure  thai  can  only  encumber  philosophy  instead  of  clearing 
its  way,  —  these  difTiciiUies  do  not  close  the  account;  we  shall  find 
other  curious  things  in  this  noted  passage,  upon  which  part  of  the 
characteristic  outcome  of  Kant's  philosophizing  so  much  depends. 
Beadcs  the  misnaming  of  the  third  Idea,  we  have  already  had  to 
question,  in  view  of  the  path  by  which  he  reaches  it,  the  fitness  of 
his  calling  the  first  by  the  title  of  the  Soul;  and  likewise,  though  for 
other  and  higher  reasons,  of  his  calling  the  second  by  the  name  of  the 
World.  In  fact,  it  comes  home  to  us  that  all  of  the  Ideas  are,  in  nne 
way  or  another,  mbinomers;  Kant's  whole  procedure  with  them,  in 
fine,  has  already  appeared  inexact,  inconsistent,  and  therefore  uncrit- 
ical. Hut  now  we  shall  become  aware  of  certain  other  inconsistonciea. 
In  coming  to  the  Subject,  as  the  postulate  of  categorical  syllogizing, 
Kant,  you  rememljor,  does  bo  by  the  path  of  the  relation  Subject  and 
Predicate,  arguing  that  the  chain  of  categorical  prosyllogisms  has 
for  its  limiting  concept  and  logical  motor  the  notion  of  an  absolute 
subject  that  cannot  be  a  prctdicate;  and  as  no  subject  of  a  judgment 
can  of  itself  give  assurance  of  fulfilling  this  condition,  he  concludes 
this  motor-limit  of  judgment-subjects  to  be  identical  with  the  Subject 
as  thinker,  upon  whom,  at  the  last,  all  judgments  depend,  and  who, 
therefore,  and  who  alone,  can  never  be  ft  predicate  merely.  In  similar 
fashion,  he  finds  as  the  motor-Umit  of  the  series  of  conditional 
prosT'llogisms,  which  is  governed  by  the  relatiaa  Caiue  and  EfTecl, 
the  notion  of  an  absolute  cause  —  a  cause,  that  is,  incapable  of  being 
an  effect;  and  this,  as  undiscoverable  in  the  chain  of  phenomenal 
causes,  which  are  all  in  tuni  effects,  he  concludes  is  a  pure  Idea,  the 
rmson'B  native  conception  of  a  neccesary  hnkage  among  all  changes 
in  Space,  or  of  a  Cosmic  Tnity  among  phyeical  phenomena.  In  both 
conceptions,  then,  whether  of  Iho  unity  of  the  Subject  or  of  the 
World,  we  seem  to  have  a  case  of  the  unconditioned,  as  each,  surely. 
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u  a  totality  of  conditions:  Che  one,  For  all  possible  syllf^iam^  by 
Bnbject  and  Predicate;  the  other,  for  all  possible  syilogismB  frotn 
Cause  ami  Kffect.  Until  it  can  be  shown  that  the  sylJogiaitifl  of  the 
first  sorl  and  the  syllogisms  of  the  second  are  both  conditioned  by 
thesystem  of  disjunctive  syllogisms, so  that  the  Idea  alleged  to  be  the 
totahty  of  conditions  for  this  system  becomes  the  conditioning  prin- 
ciple for  both  the  others,  there  appears  to  be  no  ground  for  contrasting 
the  totality  of  conditions  presented  in  it  with  those  presented  in  the 
others,  as  if  it  were  the  absolute  Totality  of  all  Conditions,  while  the 
two  others  arc  only  "  relative  totalities,"  —  which  would  be  as  much 
as  to  say  they  were  only  pseudo-totalities,  both  being  conditioned 
instead  of  being  unconditioned.  But  there  seems  to  be  no  evi<lence, 
not  even  an  indication,  that  disjunctive  reasoning  conditions  cate- 
gorical or  conditional  —  that  it  constitutes  the  whole  kingdom,  in 
which  the  other  two  orders  of  reasoning  form  dependent  provinces, 
or  that  for  final  validation  these  must  appeal  to  the  disjunctive  scries 
and  the  Idea  that  controls  it.  On  the  contrary,  any  such  relation 
seems  disproved  by  the  fact  that  the  three  types  of  syllogism  apply 
alike  in  all  subject-matter,  psychic  or  physical,  subjective  or  object- 
ive, concerning  the  Self  or  concerning  the  World,  —  yes,  concerning 
other  Selves  or  even  concerning  God;  whereas,  if  the  relation  were  a 
fttct,  it  would  require  that  only  disjunctive  reasoning  can  deal  with  the 
Unconditioned,  and  that  conditional  must  confine  itself  to  cosmic 
material,  while  categorical  pertains  only  to  the  things  of  inner  sense. 
Such  considerations  cannot  but  shake  our  confidence  in  the  inqui- 
sition to  which  Kant  has  submitted  the  Ideas  of  Reason,  both  as 
regants  what  they  really  mean  and  how  they  are  to  be  correlated. 
At  all  events,  the  analysis  of  logical  procedure  and  connection  on 
which  his  account  of  them  is  based  is  full  of  the  confusions  and  over- 
sights that  have  now  been  pointed  out,  and  justifies  v»  in  saying 
that  his  ca«e  is  not  established.  Hence  we  are  not  bound  to  follow 
when  his  three  successors,  or  their  later  adherents,  proceed  in  accept- 
ance of  his  results,  and  advance  into  various  forms  of  idealii^m,  all  of 
the  monistic  type,  as  if  the  general  relation  between  the  three  Ideas 
had  been  demonstrably  settled  by  Kant  in  the  monist  sense,  despite 
hts  not  knowing  this,  and  that  all  we  have  to  do  is  to  disregard  his 
recorded  protests,  and  render  his  results  consistent,  and  our  idealism 
"absolute,"  by  casttog  out  from  his  doctrine  the  distinction  betiis*een 
the  Theoretical  and  the  Practical  Reason,  with  the  "  primacy  *'  of  the 
latter,  through  making  an  end  of  his  assumed  world  of  Dingt  an  nehr 
or  "things  in  themselves."  This  movement,  I  repeat,  we  are  not 
bound  to  follow:  a  rectification  of  view  as  to  the  meaning  of  the  three 
Ideas  becomes  possible  as  soon  as  we  arc  freed  from  Kant's  entangled 
method  of  disoovering  and  defining  them;  and  when  this  rectification 
ifl  effected,  we  sliall  find  that  the  question  between  monism  and 
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rational  or  hiirmonic  pluralism  U  at  least  open,  to  say  no  more.  Nay, 
^ve  are  not  to  forget  that  by  the  results  of  our  aiialysis  of  the  concepts 
One  and  Many,  Time  and  Space,  and  the  real  relation  between  them, 
plural  metaphj'stcs  has  already  won  a  precedence  in  this  contest. 
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The  history  of  man's  critical  and  reflective  thouj^ht  upon  the 
men?  ultimate  problems  of  nature  and  uf  bis  own  life  has,  indeed, 
its  period  of  quickened  progreos,  relative  stagnation,  and  ap[>arent 
decline.  Great  thinkers  are  born  aud  die,  "schools  of  philottopliy," 
so-called,  arise,  flourish,  and  become  discrediteil;  and  tendenciefl 
of  various  characteristics  noark  the  natioual  or  mure  general  Zeit- 
geist of  the  particular  centuries.  And  always,  a  certain  deep  under- 
cunrnt,  or  |>owrrful  stream  of  the  rational  evolution  of  humanity, 
flows  silently  onward.  But  these  periods  of  philoeopbical  develop- 
ment do  not  correspond  to  those  which  have  been  marked  off  for 
man  by  the  rhythmic  motion  of  the  heavenly  bodies,  or  by  himself 
for  purpoMB  of  greater  convenienee  in  practical  affairs.  The  pro- 
posal, therefore,  to  treat  any  century  of  philosophical  development 
as  though  it  could  be  taken  out  of,  and  considered  apart  from,  this 
coRstant  unfolding  of  man's  rational  life  is,  of  necessity,  doomed  to 
failure.  And,  indeed,  the  nineteenth  ocntur}'  is  no  exception  to  the 
general  truth. 

There  is,  however,  one  important  and  historical  fact  which  makes 
more  definite,  and  more  feasible,  the  attempt  to  present  in  outline 
the  history  of  the  philosophical  development  of  the  ninet4?cnth 
century-.  This  fact  ia  the  death  of  Immonuel  Kant,  February  12, 
1804,    In  a  rery  unusual  way  this  ovent  marks  the  dose  of  the 
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devdopmcnt  of  philosophy  in  the  eighteenth  century.  In  a  yet 
more  unimual  wuy  the  estiie  event  defines  the  beginning  of  the  philo- 
sophical devc-IopiiK'iit  of  the  nineteenth  centur}'.  The  pruput<ai  is, 
liicreforo,  not  artiliciolr  but  in  accordance  with  the  truth  of  history, 
if  wc  consider  tiic  prolileniA,  movements,  results,  and  present  con- 
dition of  this  develugmient,  so  far  as  the  fulfillment  of  our  generai 
purpose  is  conecnicd,  in  the  light  of  the  critical  philosophy  of  Kaot. 
This  purpose  may  then  be  further  defined  in  the  following  way:  to 
tiace  the  history'  of  the  evolution  of  critical  and  reflective  thought 
over  the  more  ultimate  problems  of  Nature  and  of  human  life,  in 
the  Western  World  during  the  lost  hundred  ycara,  and  from  the 
standpoint  of  the  conclusions,  both  negative  and  jxisitive,  which 
are  best  embodied  in  the  works  of  the  philosopher  of  Konigsberg. 
This  purpose  we  shall  tr>- to  fulfill  in  these  fourdivisions  of  our  theme: 
(I)  A  statement  of  the  problems  of  philosophy  as  they  were  given  over 
to  the  nineteenth  century  by  the  Kantian  Critiqae;  (2)  a  brief 
lescription  of  the  lines  of  movement  along  which  the  attempts  at 
^tbe  improved  solution  of  these  problems  have  proceeded,  and  of  the 
principal  influences  contributing  to  these  attempts;  (3)  a  sum- 
mary of  the  principal  results  of  these  movements  —  the  items,  so  to 
say,  of  progress  in  philosophy  which  may  be  credited  to  the  last  cen* 
tuiy;  and  finally,  (4)  a  survey  of  the  present  state  of  these  pro- 
blems as  they  are  now  to  be  handed  down  by  the  nineteenth  to  the 
twentieth  century.  Tndy  an  immensely  diffieult,  if  not  an  impo»- 
aible  task,  is  involved  in  this  purpose  I 

I.  The  problems  which  the  critical  philosophy  undertook  defini- 
tively to  solve  may  be  divided  into  three  classes.  The  firat  is  the 
epistemological  problem,  or  the  problem  offered  by  human  know- 
—  its  essential  nature,  its  fixed  limitations,  if  such  there  be, 

ad  its  ontologioal  validity.  It  was  this  problem  which  Kant  brought 
to  the  front  in  such  a  manner  that  certain  subsequent  writers  on 
}phy  have  claimed  it  to  be,  not  only  the  primary  and  most 

iportant  branch  of  philosophical  discipline,  but  to  comprise  the 
sum-total  of  what  human  reflection  and  critical  thought  can  sue- 
fully  compass.    "We  call  philosophy  self-knowledge,"  says  one 

tfaeee  writers.  "  The  theor>'  of  knowledge  is  t^e  tmo  prinui  ;jAito- 
tophia,"  says  another.  Kant  himself  regarded  it  as  the  most  iD>- 
perative  demand  of  reason  to  establish  a  science  that  shall  "deter- 
mine a  priori  the  po««bility,  the  principles,  and  the  extent  of  all 
cognitions."  The  burden  of  the  epistemological  problem  has  pressed 
heavily  upon  the  thought  of  the  nineteenth  century;  the  different 
ftttitudes  toward  this  problem,  and  its  different  alleged  solutionj, 

ive  been  most  influential  factors  in  determining  the  philosophical 
UecussioRs,  divisions,  schools,  and  permanent  or  transitory  achieve- 

dnta  of  the  century. 
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In  the  epistemological  problem  as  offered  by  the  Kantian  philo- 
sophy of  cognition  there  ia  involved  the  subordinate  but  highJyJ 
important  question  as  to  the  proper  method  of  philosophy.    Is  th*1 
method  of  criticism,  as  that  method  was  employed  in  the  three 
Critiques  of  Kant,  the  exclusive,  the  sole  appropriate  and  product- 
ive way  of  advancing  human  philosophical   thought?     I  do  not 
think  that  the  experience  of  the  nineteenth  centuir  warranta  an 
affirmntive  answer  to  this  question  of  method.   This  experience  haal 
certainly,  however,  resulted  in  demonstrating  the  need  of  a  mortis 
thorough,  consistent,  and  fundamental  use  of  the  critical  method 
than  that  in  which  it  was  employed  by  Kant.  And  this  improved  use 
of  the  critical  method  has  induced  a  more  profound  study  of  the 
psychology  of  cognition,  and  of  the  historical  de^'clopmcnt  of  philo- 
sophy in  the  branch  of  epistemology.    More  especially,  however,  it 
has  led  to  the  reinstatement  of  the  value- judgments,  as  means  of, 
cognition,  in  their  right  relations  of  harmony  with  the  judgment 
of  fact  and  of  law. 

The  second  of  the  greater  problems  which  the  critical  philosophy 
of  the  eighteenth  handed  on  to  the  nineteenth  century  is  the  onto- 
logical  problem.  This  problem,  even  far  more  than  the  epLstemn- 
logical,  hna  excited  the  intcnscst  interest,  and  called  for  the  pro- 
foundest  thought,  of  reflective  minds  during  the  last  hundred  years. 
This  problem  engages  in  the  inquiry  as  to  what  Reality  is;  for  lo 
define  philosophy  from  the  ontological  point  of  view  renders  it 
"the  rational  science  of  reality;"  or,  at  least,  "the  science  of  the 
supreme  and  most  important  realities."  In  spite  of  the  fact  that 
the  period  immediately  following  the  conclusion  of  the  Kantiarj 
criticism  was  the  age  when  the  people  were  singing 

"  Do  die  Metaphytik  vor  Kurtem  utAeerbt  (U>ging, 
Werden  d\€  binge  an  tick  jeUo  sub  hasta  lerkauft," 

the  cultivation  of  the  ontological  problem,  and  the  growth  of  sysJ 
tematic  metaphysics  in  the  nineteenth  century,  had  never  pre- 
viously been  surpassed.  In  spite  of,  or  rather  because  of,  the  fact 
that  Kant  left  the  ancient  body  of  metaphysics  so  dismembered  and 
discredited,  and  his  own  ontological  structure  in  such  hopeless  con- 
fusion, all  the  several  buildings  both  of  Idealism  and  of  Realism 
either  rose  quickly  or  were  erected  upon  the  foundations  made 
by  the  critical  philosophy. 

But  eapecially  unsatisfactory  to  the  thought  of  the  first  quarter 
of  the  nineteenth  century  was  the  Kantian  position  M^lh  reference 
to  the  problem  in  which,  after  all.  both  the  few  who  cultivate  philo- 
sophy and  the  multitude  who  share  in  ita  fruits  arc  always  most 
tmly  intereftted:  and  this  is  the  ethico-rdigious  problem.  In  tha 
judgment  of  the  generation  which  followed  him,  Kant  had  achieved] 
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for  those  who  accepted  his  points  of  view,  his  method  of  phllo- 
Bopliizing.  and  his  resuiu,  much  greater  success  in  "  removing  know- 
ledge" than  in  "finding  room  for  faith.''  For  he  aeemed  to  have 
left  the  positive  truths  of  Ethics  so  involved  in  the  negative  posi- 
tioiis  of  his  critique  of  knowledge  as  greatly  to  endanger  them;  and 
to  have  entangled  the  oonceptiona  of  religion  with  those  of  morality 
in  a  manner  to  throw  doubt  upon  them  both. 

The  breach  between  the  human  cognitive  faculties  and  the  onto- 
logicaJ  doctrines  and  conceptions  on  which  morality  and  religion 
had  been  supposed  to  rest  firmly,  the  elaborately  argued  distrust 
and  skepticism  which  had  been  aimed  against  tlie  ability  of  human 
reason  to  reach  reality,  and  the  consequent  danger  which  threatened 
the  most  precious  judgments  of  worth  and  the  ontologicaL  value 
of  ethical  and  ffisthettcal  sentiments,  could  not  remain  unnoticed, 
or  fail  to  promote  ceaseless  and  earnest  efforts  to  heal  it.  The  hitherto 
accepted  solutions  of  the  problems  of  cognition,  of  being,  and  of 
man's  cthico-religious  experience,  could  not  surv'ive  'the  critical 
philosophy.  But  the  solutions  which  the  critical  philosophy  itself 
offered  could  nut  fall  to  excite  opposition  and  to  stimulate  further 
criticism.  Moreover,  certain  factors  in  human  nature,  certain  inter- 
ests in  human  social  life,  and  certain  needs  of  humanity,  not  fully 
recognized  ojid  indeed  scarcely  noticed  by  criticism,  could  not 
fail  to  revive  and  to  enforce  their  ancient,  pcrenniaJ,  and  valid 
claims. 

In  a  word,  Kant  left  the  main  problems  of  philosophy  involved 
in  numerous  contradictions.  The  reeult  of  his  penetrating  but  ex- 
cessive  analysis  was  unwarrantably  to  contrast  sense  with  under> 
standing;  to  divide  reason  as  constitutive  from  reason  as  regulative; 
to  divorce  the  moral  law  from  our  concrete  experience  of  the  results 
of  good  and  bad  conduct,  true  morality  from  many  of  the  noblest 
desires  and  sentimonts,  and  to  set  in  opposition  phenomena  and 
noumena,  order  and  freedom,  knowledge  and  faith,  science  and 
religion.  Mow  the  highest  aim  of  philosophy  is  reconciliation.  What 
wotlder,  then,  that  the  beginning  of  the  last  century  fult  the  stimu- 
lus of  the  unreconciled  condition  of  the  problems  of  philosophy  at 
the  end  of  the  preceding  centur>'I  The  greatest,  most  stimulating 
inheritance  of  the  philosophy  of  the  niueteenth  centurj-  from  the 
philosophy  of  the  eighteenth  century  was  the  "  post- Kantian  pro- 
blems." 

II.  llie  lines  of  the  movement  of  philosophical  thought  and  the 
principal  contributory  iudueuces  which  belong  to  the  nineteenth 
century  may  be  roughly  divided  into  two  classes;  namely,  (1) 
those  which  tended  in  the  direction  of  carrying  to  the  utmost  ex- 
treme the  negative  and  destructive  criticism  of  Kant,  and  (2)  those 
which,  either  mainly  favoring  or  mainly  antagonizing  the  con- 
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elusions  of  Uie  Kantian  criticism,  endeavored  to  place  tlie  poeitive 
answer  to  bII  three  of  these  great  problems  of  philosophy  upoa 
more  comprehensive,  scientifically  defensible,  and  permanently 
sure  foundations.  The  one  class  so  far  completed  the  attempt  to 
remove  the  knowledge  at  which  philosophy  aims  as,  by  the  end  of 
the  first  half  of  the  centurv',  to  have  left  no  rational  ground  for 
any  kind  of  faith.  The  other  class  had  not,  even  by  the  end  of  the 
second  half  of  the  century,  as  yet  agreed  upon  any  one  scheme  for 
harmonizing  the  vanous  theories  of  knowledge,  of  reality,  and  of 
the  ground  of  morality  and  religion.  There  appeared,  however,  — 
especially  during  the  Uat  two  decades  of  the  centur>',  —  certain 
signs  of  convergence  upon  positions,  to  occupy  which  is  favorable 
for  agreement  upon  such  a  scheme,  and  which  now  promise  a  new 
constructive  era  for  philosophy.  The  terminus  of  the  destructive 
movement  has  been  reached  in  our  present-day  positivism  and  philo- 
sophical skepticism.  For  this  movement  there  would  appear  to  be 
no  more  beyond  in  the  same  direction.  The  terminus  of  the  other 
movement  can  only  be  somewhat  dimly  descried.  It  may  perhaps 
be  predicted  with  a  reasonable  degree  of  confidence  as  some  form 
of  onlological  Idealism  (if  we  may  use  such  a  phrase]  (hat  shall  be 
at  once  more  thoroughly  grounded  in  man's  total  experience,  as 
interpreted  by  modem  science,  and  also  more  satisfactory  to  human 
ethical,  ffisthetical,  and  religious  ideals,  than  any  form  of  system- 
atic philosophy  has  hitherto  been.  But  to  say  even  this  much  is 
perhaps  unduly  to  anticipate. 

If  we  attempt  to  fathom  and  estimate  the  force  of  the  various 
streams  of  influence  which  Kave  shaped  the  history  of  the  philo- 
sophical development  of  the  nineteenth  century.  I  think  there  can 
be  no  doubt  that  the  profoundest  and  the  most  powerful  is  the  one 
influence  which  must  be  recognized  and  reckoned  with  in  all  the 
centuries.  Tliis  influence  is  humanity's  undying  interest  in  its 
moral,  civil,  and  religious  ideals,  and  in  the  civil  and  religious  in- 
stitutions which  give  a  faithful  but  temporary  expreswon  to  Iheso 
ideah*.  Tn  the  long  rtin,  every  fragmentarj'  or  systematic  attempt 
at  the  solution  of  the  problem  of  philosophy  must  sustain  the  teat 
of  an  ability  to  contribute  something  of  value  to  the  reallaation  of 
these  ideals.  The  tent  which  the  past  century  has  proposed  for  its 
own  thinkers,  and  for  its  various  schools  of  philosophy,  la  by  far  the 
severest  which  has  ever  been  proposed.  For  the  most  part  unosten- 
tatiously and  in  large  measure  silently,  the  thoughtful  fow  and 
the  comparatively  thoughtless  multitude  have  been  contributing, 
oithrr  desfruclivcly  or  constructively,  to  the  effort  at  satisfaction 
for  the  rising  spiritual  life  of  man.  And  if  in  nomc  vapie  but 
impressive  manner  we  speak  of  this  thirst  for  spiritual  saiisfac- 
tion  aa  characteristic  of  any  period  of  human  history,  we  may  aaj^ 
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I  believe,  that  it  has  been  peculiarly  choracteratic  and  eepeciaUy 
powerful  aa  an  influence  during  the  last  hundred  years.  The  opin- 
iona,  sentiments,  and  ideals  which  shape  the  development  of  the 
insUluttons  oi  the  church  and  state,  and  the  freer  activities  of  the 
same  opinions,  sentiments,  and  ideala,  have  been  in  this  century, 
A4  they  have  been  in  every  centunr',  the  principal  factors  in  deter- 
mining the  character  of  its  philosophical  development. 

But  a  more  definite  and  visible  kind  of  influence  has  constantly 
proceeded  from  the  centres  of  the  higher  education.  The  univers- 
ities —  especially  of  Germany,  next,  perhaps  of  Scotland,  but 
also  of  Kngland  and  the  United  States,  and  even  in  less  degree  of 
France  and  Italy  —  have  both  fostered  and  shaped  the  evolution 
of  critical  and  reflective  thought,  and  of  its  product  as  philosophy. 
In  Germany  during;  the  ciRhteenth  century  the  RrcAter  universities 
had  been  emancipating  themselves  from  the  stricter  forms  of  polit- 
ical and  court  favoritism  and  of  ecclesiastical  protection  and  con- 
trol. This  emancipation  had  already  operated  at  the  beginning  of 
the  nineteenth  century,  and  it  continued  more  and  more  to  operate 
throughout  this  century,  for  participation  in  that  free  thought 
whose  spirit  is  absolutely  essential  to  the  flourishing  of  true  philo- 
sophy. All  the  other  colleges  and  universities  can  scarcely  repay 
the  debt  which  modem  philosophy  owes  to  the  universities  of  Ger- 
many. The  institutions  of  the  higher  education  which  are  moulded 
after  this  spirit,  and  which  have  a  generous  share  of  this  spirit, 
have  everywhere  been  schools  of  thought  as  well  as  schools  of  learn- 
ing and  research.  Without  the  increasing  nimibers  and  growing 
encouragement  of  such  centres  for  the  cultivation  of  the  discipline 
of  critical  and  reflective  thinking,  it  is  difficult  to  conjecture  how- 
much  the  philosophical  development  of  the  nineteenth  century  would 
have  lost.  LiittTUis  docendi And  Academixche  Fretiieii  —  without  these 
philosophy  has  one  of  its  wings  fatally  wounded  or  severely  clipped. 

Not  all  the  philosophy  of  the  last  century,  howc%'cr,  was  bom 
and  developed  in  academical  ccntrea  and  under  academical  in- 
fluences. In  Germany,  Great  Britain,  and  France,  the  various 
so-called  "Academies"  or  other  unacadcroical  associations  of  men 
of  scientific  interests  and  attainments  ^  notably,  the  Berlin  Acad- 
emy, which  has  been  called  "the  seat  of  an  anti-scholastic  popular 
|AiIo8ophy"  —  T*'ere  during  the  firat  half  of  the  nineteenth  century 
contributing  by  their  conspicuous  failures  as  well  as  by  their  less 
conspicuous  sueceasoa,  important  factors  to  the  constructive  new 
thought  of  the  latter  half  of  the  nineteenth  century.  In  general, 
although  these  men  decried  s^-stem  and  were  themselves  inade- 
quately prepared  to  treat  the  problems  of  philosophy,  whether 
from  the  historical  or  the  speculative  and  critical  point  of  view,  they 
cannot  be  wholly  neglected  in  estimating  its  development.    Clever 
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reasoning,  and  tcH^  and  epigrammatic  writing  oa  scientific  or 
other  allied  subjects,  cannot  indeed  be  called  philosopfiy  in  the 
stricter  meaning  of  the  word.  But  tliis  so-called  "popular  philo- 
sophy "  has  greatly  helped  tn  a  way  to  free  thought  from  its  too  close 
bondage  to  scholastic  tradition.  And  even  the  despite  of  philosophy, 
and  sneering  references  to  its  "barrenness,"  which  formerly  charac- 
terized the  meetings  and  the  writings  of  tlus  class  of  its  critics,  but 
which  now  are  happily  much  less  frequent,  have  been  on  the  whole 
both  a  valuable  check  and  a  stinmlus  to  ber  devotees.  He  would  be 
too  narrow  and  sour  a  disciple  of  scholastic  metaphysics  and  sys- 
tematic philosophy,  who.  because  of  the  levity  or  scorning  of  "out- 
siders," should  refuse  them  all  credit.  Indeed,  the  lesson  of  the  close 
of  the  nineteenth  century  may  well  enough  be  the  motto  for  the 
beginning  of  the  twentieth  century:  In  philoaopky  —  since  to  pAtio- 
$ophizf  is  natural  and  tnfvitablf  for  all  rational  beings  —  there  rtaliy 
arc  no  outsiderg. 

In  this  connection  it  is  most  interesting  to  notice  how  men  of  the 
type  just  referred  to,  were  at  the  end  of  the  eighteenth  century 
found  grouped  around  such  thinkers  as  Mendelssohn,  I.«ssing, 
F.  Nicolai,  —  representing  a  somewhat  decided  reaction  from  the 
French  realism  to  the  German  idealism.  The  work  of  the  Academ- 
icians in  the  criticism  of  Kant  was  carried  forward  by  Jacobi, 
who,  at  the  time  of  his  death,  was  the  pensioned  president  of  tlie 
Academy  at  Munich.  Some  of  these  same  critics  of  the  Kantian 
philo.-sophy  showed  a  rather  decided  preference  for  the  "common- 
sense"  philosophy  of  the  Scottish  School. 

But  both  inside  and  outside  of  the  Univenuties  and  Academies 
the  scientific  spirit  and  acquisitions  of  the  nineteenth  century  have 
most  profoundly,  and  on  the  whole  favorably,  affected  the  develop- 
ment of  its  philosophy.  In  the  wider  meaning  of  the  ii-ord,  "  science, " 
—  the  meaning,  namely,  in  which  sciencc=IVM3ens<Jia/(, — philo- 
sophy aims  to  be  scientific;  and  science  can  never  bo  indifferent 
to  philosophy.  In  their  common  aim  at  a  rational  and  unitary  sys- 
tem of  principles,  which  shall  explain  and  give  its  due  significance  to 
the  totality  of  human  experience,  science  and  philosophy  can  never 
remain  long  in  antagonism;  they  ought  never  even  temporarily  to 
be  divided  in  interests,  or  in  the  Hpirit  which  leads  each  grnemusly 
to  recognize  the  importance  of  the  other.  The  early  part  of  the  laat 
century  was,  indeed,  too  much  under  (he  Influonce  of  that  almost 
exrliiHively  speculative  Xatur-philoaophie.  of  which  ScbeUing  and 
Hegel  were  the  most  prominent  exponents.  On  the  other  hand,  the 
conception  of  nature  as  a  vast  interconnected  and  unitary  system 
of  a  rational  order,  unfolding  it«elf  in  accordance  with  teleological 
principles,  —  however  manifold  ond  olwcure,  —  is  a  niiblr  concep- 
tion and  not  destined  to  pass  away. 
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On  the  continent  —  at  least  in  France,  where  it  had  attained 
itfi  highest  development  —  the  scientiiic  spirit  waa,  at  the  close 
of  the  eighteenth  century,  on  the  whole  opposed  to  sj-stematiztttion. 
The  impulse  to  both  science  and  philosophy  during  both  the  eight- 
eenth and  the  nineteenth  centuries,  over  the  entire  continent  of 
Europe,  was  chiefly  due  to  the  epoch-making  work  of  that  greatest 
of  all  titles  in  the  modern  scientific  development  of  the  Western 
Worid,  the  Priticipia  of  Newton.  In  mathematics  and  the  ph>'8- 
ical  sciences,  during  the  early  third  or  half  of  the  last  century,  Great 
Britain  also  has  a  roll  of  distinguished  names  which  compares  most 
favorably  with  that  of  either  France  or  Germany.  But  in  England, 
France,  and  the  United  States,  during  the  whole  century,  science  has 
lacked  the  breadth  and  philosophic  spirit  which  it  had  in  Germany 
during  the  first  three  quarters  of  this  period.  During  all  that  time 
the  German  man  of  science  was,  as  a  rule,  a  scholar,  an  investi- 
igator.a  teacher,  anif  a  philosopher.  Science  and  philosophy  thrived 
better,  however,  in  Scotland  than  elsewhere  outside  of  Germany,  so 
far  as  their  relations  in  interdependence  were  concerned.  Into  the 
Scottish  universities  Playfair  introduced  some  of  the  continental 
suggeetions  toward  the  end  of  the  eighteenth  century,  su  that  there 
■was  less  of  exclusiveness  and  unfriendly  rivalry  between  science  and 
philoeophy;  and  both  profited  thereby.  In  the  United  States,  during 
UiQ  first  half  or  more  of  the  century,  so  dominant  were  the  theo- 
logical and  practical  interests  and  infiucnccs  that  there  was  little 
free  development  of  either  science  or  philosophy,  —  if  we  interpret 
Uie  one  as  the  (v(uivaIentof  WvtsenscJiaJt  and  understand  the  other 
in  the  stricter  meaning  of  the  word. 

The  history  of  the  development  of  the  scientific  spirit  and  of  the 
'achievements  of  the  particular  sciences  is  not  the  theme  of  this 
ipaper.  To  trace  in  detail,  or  even  in  its  large  outlines,  the  reciprocal 
influence  of  science  and  philosophy  during  the  past  hundred  years, 
would  itself  require  far  more  than  the  space  allotted  to  me.   It  must 
suffice  to  say  that  the  various  advances  in  the  efforts  of  the  par- 
ticular sciences  to  enlarge  and  to  define  the  conceptions  and  prin- 
ciples employed  to  portray  the  Being  of  the  Worid  in  its  totality, 
have  somewhat  steadily  grown  more  and  more  completely  meta- 
, physical,  and  more  and  more  of  positive  importance  for  the  recon- 
[<fttruction  of  systematic  philosophy.  The  latter  has  not  simply  been 
titlisciplined  by  science,  compelled  to  improve  its  method,  and  to  ex- 
amine  all  its  previous  claims.    But  philosophy  has  also  been  greatly 
enriched  by  science  with  respect  to  its  material  awaiting  synthesis, 
and  it  has  been  not  a  Utile  profited  by  the  unsucceHful  attempts  of 
the  current  scientific  theories  to  give  themselves  a  truly  satisfactory 
account  of  that  Ultimate  Reality  which,  to  understand  the  better. 
i»  no  unworthy  aim  of  their  combined  efforts. 
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During  the  nineteenth  century  scienoe  has  seen  many  important 
additions  to  that  Ideal  of  Nature  and  her  processfs,  to  fonn  which 
in  a  unitary  and  hannonizing  but  cuniprehenHive  way  m  the  phiJo- 
sophica]  goal  ur  science.  The  groES  mechanical  conception  of  nature 
which  prevailed  in  the  earlier  part  of  the  eighteenth  ctmturj'  has  long 
since  been  abiuidoned,  as  quite  inadequate  to  our  experience  with 
her  facta,  forces,  and  laws.  The  kinetic  view,  which  began  with 
Huvfieiut,  Kuh>r.  and  Ampere,  and  which  was  so  amplified  by  Lord 
Kelvin  and  Clerk-Maxwell  in  Kngland,  and  by  Helmholtz  and  others 
in  Ciermariy,  on  account  of  its  success  in  explaining  the  phenomena 
of  light,  of  gases,  etc.,  very  naturally  led  to  the  attempt  to  develop 
a  kinetic  theory,  a  doctrine  of  energetics,  which  should  explain  all 
phenomena.  But  the  conception  of  "that  which  moves,"  the  ex- 
perience of  important  and  persistent  qualitative  differentiae,  and 
the  need  of  assuming  ends  and  purposes  8er\'ed  by  the  movement, 
are  troublesome  obstacles  in  the  way  of  giving  such  a  completeness 
to  this  theor>'  of  the  Doing  of  the  World.  Yet  again  the  amazing 
success  which  the  theory  of  evolution  has  shown  in  exphuaing  the 
phenomena  with  which  the  various  biological  sciences  concern 
themselves,  has  lent  favor  during  the  latter  half  of  the  century  to 
the  vitalistic  and  genetic  view  of  nature.  For  all  our  most  elaborate 
and  advanced  kinetic  theories  seem  utterly  to  fail  us  as  e:cplanatory 
when  wCj  through  the  higher  powers  of  the  microscope,  stand  won- 
dering and  face  to  face  with  the  evolution  of  a  single  living  cell. 
But  from  such  a  view  of  the  essential  Being  of  the  World  as  evolu- 
tion suggests  to  the  psycho-physical  theory  of  nature  is  not  an 
impassable  gulf.  And  thus,  under  its  growing  wealth  of  knowledge, 
science  may  be  leading  up  to  an  Ideal  of  the  Ultimate  Reality,  in 
which  philosophy  will  gratefully  and  gladly  coincide.  At  any  rate. 
the  modem  conception  of  nature  and  the  modern  conception  of 
God  are  not  so  far  apart  from  each  other,  as  either  of  these  eon- 
ceptions  is  now  removed  from  the  conceptions  covered  by  the  same 
terms,  some  centuries  gone  by. 

There  is  one  of  the  positive  sciences,  however,  with  which  the 
development  of  philosophy  during  the  last  century  has  been  par- 
ticularly allied.  This  science  is  psychology.  To  speak  of  its  history 
is  not  the  theme  of  this  paper.  But  it  should  be  noted  in  passing 
how  the  development  of  psychology  has  broueht  into  connection 
with  the  physical  and  biological  sciences  the  development  of  philo- 
sophy. This  union,  whether  it  be  for  better  or  for  worae,  —  and, 
on  the  whole,  1  believe  it  to  be  for  better  rather  than  for  worse,— 
has  been  in  a  very  special  way  the  result  of  the  Ia.it  cenrury.  In 
tracing  its  detAtls  wc  should  have  to  speak  of  the  depcndonce  of 
certain  branches  of  psychology  on  physiolc^,  and  upon  Sir  diaries 
Bell's  discover}"  of  the  difference  betwccD  the  •ensory  and  the  motor 
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cwrree.  Tliia  discovery  waa  ihc  contribuiion  of  the  beginning  of 
the  century  to  an  entire  line  of  discovpriee,  which  Iiave  ended  at  the 
close  of  the  century  with  putting  the  loealiiialion  of  ceri'bml  func- 
tion upon  a  finn  experimental  basis.  Of  scarcely  less  importance 
has  been  the  cellular  tlienry  as  applied  (1838)  by  Maithias  Schlciden, 
a  pupil  of  Fries  in  philosophy,  to  plants,  and  by  Tlx'tKlor  Schwann 
about  the  same  time  to  animal  organisms.  To  those  miut  be  added 
the  researches  of  Johannes  Muller  (1801-1858),  the  great  biologist, 
a  listener  to  >Ieg<>]'i4  lectures,  whose  law  of  speci/ie  energies  brings 
him  into  connection  with  psychology  and,  through  psychology,  to 
philosophy.  Even  mor«  true  is  this  of  Helmholta,  whose  Lchrt  von. 
den  Tonempfrndwigen  (1862)  and  Phjswhgiacke  Optik  (1867)  placed 
him  in  even  closer,  though  still  mediate,  relations  to  philosophy. 
But  perhaps  especially  Gustav  Theodor  Fechncr  (1801-1S87),  whose 
researches  in  psycho-physic.-!  laid  the  foundations  of  whatever,  either 
AS  psychology  or  as  philosophy,  goes  under  this  nan;ic;  and  whether 
the  doctrine  have  reference  to  the  relation  of  man's  mind  and  body, 
or  to  the  wider  relations  of  spirit  and  matter. 

In  my  judgment  it  cannot  be  affirmed  that  the  attempts  of  the 
latter  half  of  the  nineteenth  century  to  develop  an  experimental 
science  of  psychology  in  independcncB  of  philosophical  criticism  and 
metaphysical  assumption,  or  the  claims  of  this  science  to  have 
thrown  any  wholly  new  light  upon  the  statement,  or  upon  the 
solution  of  philosophical  problems,  have  been  largely  successful. 
But  certain  more  definitely  psychological  questions  have  been  to 
a  commendable  degree  better  analyzed  and  elucidated;  the  new 
experimental  methods,  where  confined  within  their  legitimate 
sphere,  have  been  amply  justified;  and  certain  guosi-metaphysical 
views  respecting  the  nature  of  the  human  mind,  and  even,  if  you 
will,  the  nature  of  the  Spirit  in  general — have  been  placed  in  a 
more  favorable  and  scientifically  engaging  attitude  toward  speculat- 
ive philosophy.  This  seems  to  me  to  be  especially  true  with  respect 
to  two  problems  in  which  both  empirical  psychology'  and  philosophy 
have  a  common  and  profound  interest.  Th&K  are  (1)  the  complex 
synthesis  of  mental  functions  involved  in  every  act  of  true  cogni- 
tion, together  with  the  bearing  which  the  psychology  of  cognition 
has  upon  epistemological  problems;  and  (2)  the  yet  more  complex 
and  profound  analysis,  from  the  psychological  point  of  \'iew,  of  what 
it  is  to  be  a  self-conscious  and  fielf-dctcrmlning  Will,  a  true  Self, 
together  with  the  bearing  which  the  psycholog>-  of  selfhood  ha« 
upon  all  the  problems  of  ethics,  aesthetics,  and  religion. 

The  more  obvious  and  easily  traceable  influences  which  have 
operated  to  incite  and  direct  the  philosophical  development  of  the 
nineteenth  centurj'  are.  of  course,  dependent  upon  the  teachings  and 
irritings  of  philosophen),  and  the  schools  of  philosophy  which  they 
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have  founded.  To  speak  of  these  influences  even  in  outline  would  be 
to  w-ntc  a  manual  of  the  histoo'  of  philosophy  during  that  hundred  of 
years,  which  has  been  of  all  others  by  far  the  most  fruitful  in  material 
results,  whatever  estimate  may  be  put  upon  the  separate  or  combined 
values  of  the  indi\'idual  thinkers  and  their  so-called  schools.  No 
fewer  than  seven  or  eight  relatively  independent  or  partially  antag- 
onistic movements,  which  may  be  traced  back  cither  directly  or 
more  indirectly  to  the  critical  philosophy,  and  to  the  form  in  which 
the  problems  of  philosophy  were  left  by  Kant,  sprung  up  during  the 
century.  In  Germany  chiefly,  there  arose  the  Faith-philosophy,  the 
Romantic  School,  and  Rational  Idealism;  in  France,  Eclecticism  and 
Positivism  (if,  indeed,  the  latter  can  be  called  a  philosophy) ;  in  Scot- 
land, a  naive  and  crude  form  of  Realism,  which  ser\'ed  well  for  the 
time  as  an  antagonist  of  a  skeptical  idealism,  but  which  itself  con- 
tributed to  an  improved  form  of  Idealism;  and  in  the  United  States, 
or  rather  in  New  England,  a  peculiar  kind  of  Tran9cendentali.*im  of 
the  sentimental  type.  But  all  these  movements  of  thought,  and 
others  lying  somewhere  midway  between,  in  a  pair  composed  of  any 
two,  together  with  a  steadfast  remainder  of  almost  everj-  sort  of 
Dogmatism,  and  all  degrees  and  kinds  of  Skepticism,  have  been  inter- 
mixed and  contending  with  one  another,  in  all  these  countries.  Such 
has  been  the  varied,  undefinable,  and  yet  intensely  stimulating  and 
interesting  character  of  the  development  of  systematic  and  scholastic 
philosophy,  during  the  nineteenth  conturj'. 

The  early  opposition  to  Kant  in  Germany  was,  in  the  main,  two- 
fold: —  both  to  his  pocuhar  extreme  analysis  with  its  philosophical 
conclusions,  and  also  to  all  systematic  as  distinguished  from  a  more 
popular  and  litcrarj-  form  of  philosophizing.  Toward  the  close  of  the 
ei^tcenth  ccntur>'  a  group  of  men  had  been  writing  upon  philo- 
sophical  questions  in  a  spirit  and  method  quite  foreign  to  that  held 
in  respect  by  the  critical  philosophy.  It  is  not  wholly  without  signj- 
ficanrc  tliat  Leasing,  whose  aim  hod  been  to  use  common  sense  and 
Ijterar}'  skill  in  clearing  up  obscure  ideas  and  improving  and  illumin- 
ing the  life  of  man,  died  in  the  very  year  of  the  appearance  of  Kant's 
Kritik  der  reinen  Vemunfl.  Of  this  elara  of  men  an  historian  dealing 
with  this  period  has  said,  "There  is  hardly  one  who  does  not  quote 
Bomewhero  or  other  Pope's  saying,  'TTie  proper  study  of  mankind 
is  man.'"  To  this  class  belong  Hamann  (1730-1788),  the  inspirer 
of  Herder  and  Jacobi.  The  former,  who  was  eeseutially  a  poet  and 
a  friend  of  Goethe,  controverted  Kant  with  regard  to  his  doctrine  of 
reason,  his  anUtheeis  between  the  indi^'iduaI  and  the  race,  and  bis 
schism  between  things  as  empirically  known  and  the  known  unity  tn 
the  Ground  of  their  being  and  becoming.  Herder's  path  to  truth  was 
highly  colored  with  flowera  of  rhetoric;  but  the  promise  was  that  he 
would  lead  men  back  to  the  heavenly  city.    Jacobi,  too,  with  due 
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ranee  made  for  the  injury  wrought  by  hia  divorce  of  the  two 

iHoeophies,  —  that  of  faith  and  that  of  science,  —  and  his  excessive 

timate  of  the  value-judgments  which  repose  in  the  mist  of  a  feeling- 
faith,  added  something  of  worth  by  way  of  exposing  the  barrenness 
of  the  Kantian  doctrine  of  an  unknowable  "Thing-in-it«elf." 

From  men  like  I'r.  Schlegel  (1772-1829),  whose  valid  protest  against 
the  sharp  separation  of  speculative  philosophy  from  the  srathetical, 

:ial,  and  ethical  life,  assumed  the  "standpoint  of  irony,"  little  real 
esult  in  the  discovery  of  truth  could  be  expected.  But  Schlcier- 
macher  (1768-1834),  in  spite  of  that  mixture  of  unfused  elementa 
which  has  made  hi.i  philosophy  "a  rendezvous  for  the  most  diverse 
aystems,"'  contributed  valuable  factors  to  the  ccntur>''s  philosophical 
development,  both  of  a  negative  and  of  a  positive  character.  This 
thinker  was  peculiarly  fortunate  in  the  enrichment  of  the  conception 
of  experience  as  warranting  a  justifiable  confidence  in  the  ontological 
value  of  ethical,  wsthctical,  and  relipous  sentiment  and  idcAs;  but  he 
\-V6s  most  unfortunate  in  reviving  and  perpetuating  the  unjustifiable 

intian  distinction  between  cognition  and  faith  in  the  field  of  ex- 
perience. On  the  whole,  therefore,  the  Faitb-pbilosophy  and  the 
Romantic  School  can  easily  be  said  to  have  contributed  more  than 
a  negative  and  modifying  influence  to  the  development  of  the  philo- 
sophy of  the  nineteenth  centurj*.  Its  more  modem  revival  toward 
the  close  of  the  same  century,  and  its  continued  hold  upon  certain 
minds  of  the  present  day,  are  evidences  of  the  positive  but  partial 
truth  which  its  tcneta,  however  vaguely  and  unsystcmatically,  con- 
timie  to  maintain  in  an  a>3thetically  and  practically  attractive  way. 

The  admirers  of  Kant  strove  earnestly  and  with  varied  success 
to  remedy  the  defects  of  his  system.  Among  the  earlier,  leas  cele- 
brated and  yet  important  members  of  this  group,  were  K.  G.  Rein- 
hold   (I75S-1S23),  and   Maimon   (died,   1800).      The  former,   like 

scartcs,  in  that  he  was  educated  by  the  Jesuits,  began  the  attempt, 
[after  rejecting  some  of  the  arbitrary  distinctions  of  Kant  and  his 
rfcarren  and  seJf-contradictory  "Thing-in-itself,"  to  unify  the  critical 
philosophy  by  reducing  it  to  some  one  principle.  The  latter  really 
transcende<I  Kant  in  his  philosophical  skepticism,  and  anticipated  the 
'Haniiltonian  formof  theso-calletl  principle  of  relativity.  Fries  (1773- 
lS43),and  Hermes  (1775-1831)  — the  latter  of  whom  saw  in  empir- 
ical psychologj*  the  only  tnie  propedeutic  to  philosophy  —  should  be 
mentioned  in  tliia  connection.  In  the  same  group  was  another,  both 
mathematician  and  philosopher,  who  strove  more  auccessfully  than 
others  of  this  group  to  accept  the  critical  standpoint  of  Kant  and  yet 
to  transcend  his  negative  conclusions  with  regard  to  a  theory  of 
knowledge.  I  refer  to  Boleano  (Prague,  1781-IS4S),  who  stands  in  the 
^■ame  lino  of  succession  with  Fries  and  Hermes,  and  whose  works 
the  Sdenee  of  Hdigian  (4  vols.  18S1)  and  his  Science  oj  Know- 
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iedi/e  (4  voI».  1S37)  Are  noteworthy  contributions  to  epistemological 
doctrine.  In  the  latter  wc  have  tievetopcd  at  great  length  the  import' 
ant  thought  that  the  illative  character  of  proposilional  judgments 
implies  an  objective  relation;  and  that  in  all  truths  the  subject-idea 
must  be  objective.  In  the  work  on  religion  there  is  found  as  thor- 
oughly dispassionate  and  rational  a  defense  of  Catholic  doctrine  as 
exists  anywhere  in  philosophical  literature.  The  limited  influence  of 
these  works,  due  in  part  to  their  bulk  and  their  technical  character,  is 
on  the  whole,  I  think,  sincerely  to  be  regretted. 

It  was,  however,  chiefly  that  remarkable  series  of  philosophers 
which  may  be  grouped  under  the  rubric  of  a  "rational  Idealism," 
who  filled  so  full  and  made  so  rich  the  philosophical  life  of  Germany 
during  the  first  half  of  the  last  century;  whose  philosophical  thoughts 
and  sj-stems  have  spread  over  the  entire  Western  World,  and  who  are 
most  potent  infltic-nces  in  shaping  the  development  of  philosophy 
down  to  the  present  hour.  Of  these  we  need  do  little  more  than  that 
wo  can  do  —  mention  their  names.  At  their  head,  in  time,  stands 
Fichtc,  who  —  although  Kant  is  reported  to  have  complained  of  this 
disciple  because  he  lied  about  him  so  much  —  really  divined  a  truth 
which  Bccms  to  be  hovering  in  the  cloud.";  above  the  master's  head, 
but  which,  if  the  critical  philosophy  truly  meant  to  teach  it,  needed 
helpful  deliverance  in  order  to  appear  in  perfectly  clear  light-  Fichte, 
although  he  divined  this  truth,  did  not,  however,  free  it  from  internal 
confusion  and  self-contradiction.  It  u  his  truth,  nevertheless,  that  in 
the  Self,  as  a  self-poaiting  and  self-detcnnining  activity,  must  some- 
how be  found  tJic  Ground  of  all  experience  and  of  all  Reality. 

The  important  note  which  Schelling  sounded  was  the  demand  that 
philosophy  should  recognise  "Nature"  as  belonging  to  the  sphere 
of  Reality,  and  as  requiring  a  measure  of  reflective  thought  which 
should  in  some  sort  put  it  on  equal  terms  with  the  Ego,  for  the  con- 
struction of  our  conception  of  the  Being  of  the  World.  To  Schelling  it 
seemed  impossible  to  deduce,  as  Fichte  had  done,  all  the  rich  concrete 
development  of  the  world  of  things  from  the  subjective  needs  and  con- 
stitutional forms  of  functioning  which  belong  to  the  finite  Self.  And, 
indeed,  the  doctrine  which  limits  the  origin,  existence,  and  value  of 
all  that  is  known  about  this  sphere  of  experience  to  these  needs,  and' 
which  finds  the  sufTicient  account  of  all  experience  with  nature  in 
these  fonns  of  functioning,  must  always  seem  inadequate  and  even 
grotesque  in  the  sight  of  the  natural  sciences.  Both  Nature  and  Spirit, 
thought  Schelling,  must  be  allowed  to  claim  actual  existence  aiid 
equally  real  value;  while  at  the  same  time  philosophy  must  reconcile 
the  seeming  opposition  of  their  claima  and  unite  them  in  an  har- 
monious and  self-explanatory  way.  In  some  common  subfttratuni. 
in  which,  to  adopt  Hegel's  sarcastic  criticism,  as  in  the  darkness  of 
the  night  "all  cows  are  black," — that  is  in  the  Absolute.,  as  an 
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IdeDtical  Basis  of  DiO'erenoes,  —  the  reconciliation  was  to  be  accom- 
pliahed. 

Hut  the  constructive  idealistic  movement,  in  which  Fichte  and 
Schelling  bore  so  important  a  part,  could  not  be  gatisficd  with  the 
positions  reached  by  either  of  these  two  philosophers.    Neither  the 
physical  and  psychological  sciences,  nor  the  speculative  interests  of 
ligion,  ethics,  art,  and  social  life,  permitted  this  movement  to  stop 
this  point.   In  all  the  subsequent  developments  of  phitoMphy  dur- 
ing the  first  half  or  three  quarters  of  the  nineteenth  century ,  undoubt- 
lly  the  inBucnce  of  Hegel  was  greatest  of  all  individual  thinkers.  His 
'motij  and  plan  are  revealed  in  his  letter  of  November  2,  1800,  to 
Sebdling,  namely,  to  transfurm  what  had  hitherto  been  an  ideal 
^into  a  thoroughly  elaborate  sj'stem.    And  in  spite  of  his  obvious 
obscurities  uf  ihuught  and  style,  there  ie  real  ground  for  his  chiim  to 
the  champion  of  the  common  consctousnees.  It  is  undoubtedly  in 
Hegel's  Ph&nomenoloffic  dt$  Geiate$  (1807),  that  the  distinctive  fea- 
tures of  the  philosophy  of  the  first  half  of  the  last  century  most 
clearly  define  themselves.    The  forces  of  reflection  now  abandon  tbe 
^abstract  analytic  method  and  positions  of  the  Kantian  Critique-,  and 
jfloncentratc  themselves  upon  the  study  of  man's  spiritual  life  as  an 
thistoncal  evolution,  in  a  more  concrete,  facc-to-face  manner.    Two 
important  and,  in  the  main,  valid  assumptions  underlie  and  guide 
this  reflective  study:    (1)  The  Ultimate  Reality.,  or  principle  of  all 
realities,  is  Mind  or  Spirit,  which  is  to  be  recognized  ami  known  in  ita 
2nce,  not  by  analysis  into  its  formal  elements  (the  categoriea), 
as  a  living  development;    (2)  tlioae  formal  elements,  or  cate- 
gories to  which  Kant  gave  validity  merely  as  constitutional  forms 
of  the  functioning  of  the  human  understanding,  represent,  the  ratho', 
the  essential  structure  of  Reality. 

In  spile  of  theee  true  thougbta,  fault  was  justly  found  by  the  par- 
ticular sciences  wilh  both  the  speculative  method  of  Hegel,  which 
oonsiets  in  the  smooth,  harmonious,  and  8>'stematic  arrangement 
of  conceptions  in  logical  or  ideal  relations  to  one  another;  and  also 
with  the  result,  which  reduces  the  Being  of  the  World  to  terms  of 
thought  and  dialectical  processes  merely,  and  neglects  or  overlooka 
the  other  aspects  of  racial  experience.  Therefore,  the  idealistic 
movement  could  nut  remain  satisfied  with  the  Hegelian  dialectic. 
Especially  did  both  the  religious  and  the  )>hilosuphical  party  revolt 
ag&inst  the  important  thought  underlying  Hegel's  philosophy  of 
religion;  namely,  that  "tbe  more  philosophy  approximates  to  a 
complete  development,  the  more  it  exhibits  the  same  need,  tbe  same 
interest,  and  the  i>ame  content,  as  religion  itself."  This,  as  they 
interpreted  it,  meant  the  absorption  of  religion  in  philosophy. 

Next  after  Hegel,  among  the  great  names  of  this  period,  stand 
the  names  of  Herbort  and  Schopetdiauer.    The  former  contributes 
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in  an  important  way  to  the  proper  conception  of  the  task  and  the 
method  of  philosophy,  and  influences  greatly  the  development  of 
psychology,  both  as  a  science  that  is  pedagogic  to  philosophy,  and  as 
laying  the  basis  for  pedagogical  principles  and  practice.  But  Herbart 
commits  again  the  ancient  fallacy,  imder  the  spell  of  which  so  much  of 
the  Kantian  criticism  was  bound;  and  which  identifies  contradictions 
that  belong  to  the  imperfect  or  illusory  conceptions  of  individual 
thinkers  with  insoluble  antinomies  inherent  in  reason  itaclf.  In  spite 
of  the  little  worth  and  misleading  character  of  his  view  of  perception , 
and  the  quite  complete  inadequacy  of  the  method  by  which,  at  a 
single  leap,  he  reaches  the  one  all-explanatory  principle  of  his  philo- 
sophy, Schopenhauer  made  a  most  important  contribution  to  the 
reflective  thought  of  the  century.  It  is  tnie,  as  Kuno  Fischer  has 
said,  that  it  seems  to  have  occurred  to  Schopenhauer  only  twenty- 
five  years  after  he  had  propounded  his  theory,  that  will,  as  it  appears 
in  consciousness,  is  as  truly  phenomenal  as  is  intellect.  It  is  also  true 
that  his  theor>-  of  knowledge  and  his  conception  of  Reality,  as  meas- 
ured by  their  power  to  satkfy  and  explain  our  total  experience,  are 
inflict«l  with  irreconcilable  contradictions.  Neither  con  we  accord 
firm  confidence  or  high  praise  to  the  "Way  of  Salvation"  which 
somehow  Will  can  attain  lo  follow  by  irathetic  contemplation  and 
ascetic  self-denial.  Yot  the  philosophy  of  Schopenhauer  rightly 
insists  upon  our  Idealistic  construction  of  Reality  having  regard  to 
aspects  of  cxperipncc  which  his  predecessors  had  quite  too  much 
neglected;  and  even  its  spiteful  and  exaggerate*!  reminders  of  the 
facta  which  contradict  the  tendency  of  all  Idealism  to  construct  a 
smooth,  regular,  and  altogether  pleasing  conception  of  the  Being  of 
the  World,  have  been  of  great  benefit  to  the  development  of  the  latter 
lialf  of  the  nineteenth  century. 

In  estimating  the  thoughts  and  the  products  of  modem  Idealism 
we  ought  not  to  forget  the  larger  multitude  of  thoughtful  men,  both 
in  Germany  and  elsewhere,  who  have  contributed  toward  shaping 
the  course  of  reflection  in  the  attempt  to  answer  the  problems  which 
the  critical  philosophy  left  to  the  nineteenth  centurj'.  It  is  a  singu- 
lar comment  upon  the  caprices  of  fame  that,  in  philosophy  as  in  sci- 
ence, politics,  and  art.  some  of  those  who  have  really  reasoned  most 
soundly  and  acutely,  if  not  alsio  effectively  upon  thefie  problems,  are 
little  known  even  by  name  in  I  he  history  of  the  philosuphteal  dewJop- 
ment  of  the  centur)*.  Among  the  earlier  menibera  of  this  group,  did 
space  permit,  we  should  wish  to  mention  Bcrgcr,  Solger,  StefTens, 
and  others,  who  strove  to  reconcile  the  positions  of  n  subjective  ideal- 
ism with  a  realistic  but  pantheistic  conception  of  the  Being  of  the 
World.  There  are  others,  who  like  Weisse,  I,  H.  Fichte,  C.  P. 
Fischer,  and  Braniss,  more  or  leas  bitterty  or  moderately  and  reas- 
onably, opposed  the  method  and  the  concluBions  uf  the  Hegelian  dia- 
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Icctic.  Still  another  gruup  earned  for  tlieniselves  the  supposedly 
opprobrious  but  decidedly  vague  title  of  "Dualiste,"  by  rejecting 
what  they  conceived  to  \te  the  pantlieism  of  HegeJ.  Still  others,  like 
Friee  and  Bcncke  and  their  successors,  strove  to  parallel  philosophy 
with  the  particular  sciences  by  grounding  it  in  an  empirical  but 
acicntlfic  psychologj*;  and  thus  they  instituted  a  line  of  closely  con- 
nected development,  to  which  reference  has  already  been  made. 

Hegd  himself  believed  that  he  had  permanently  effected  that 
reconciliation  of  the  orthodox  creed  with  the  cognition  of  Ultimate 
Reality  at  which  bis  dialectic  aimed.  In  all  such  attempts  at  recon- 
ciliation three  great  questions  are  chiefly  concerned:  (I)  the  Being  of 
God;  (2)  the  nature  of  man;  (3)  the  actual  and  tlie  ideally  8ati3fac- 
•  tory  relations  between  the  two.  But,  as  might  have  been  expected, 
a  period  of  wild,  invgular,  and  confused  contention  met  the  attempt 
to  establish  this  claim.  In  this  conflict  of  more  or  less  noisy  and 
popular  as  well  as  of  thoughtful  and  scholastic  philosophy,  Hegelians 
of  rarious  degrees  of  fidelity,  anti-Hegelians  of  various  degrees  of 
boetility,  and  ultra-Uegeliana  of  various  degrees  of  eccentricity,  all 
took  a  valiant  and  conspicuous  part.  We  cannot  follow  its  history; 
but  we  can  Icaro  its  lesson.  Folenucol  philosophy,  as  distinguished 
from  quiet,  reflective,  and  critical  but  constructive  philosophy  involves 
a  most  uneconomical  use  of  mental  force.  Yet  out  of  this  period  of 
conflict,  and  in  a  measure  as  its  result,  there  came  a  period  of  improved 
relations  between  science  and  philosophy  and  between  philosophy  and 
theologj-,  which  was  the  dawn,  toward  the  close  of  the  nineteenth 
centurj',  of  that  better  illumined  day  into  the  middle  of  which  we 
hope  that  we  are  proceeding. 

Before  leaving  this  idealistic  movement  in  Germany,  and  else- 
where as  influenced  largely  by  German  philosophy,  one  other  nacao 
deserves  mention.  This  name  is  that  of  Lotze,  who  combined  cle- 
'  uents  from  many  previous  thinkers  with  those  derived  from  his  own 
studies  and  thoughts,  —  the  conceptions  of  meclianism  as  applied 
to  physical  existences  and  to  peiychical  life,  with  the  search  for  some 
iJttonistic  Principle  that  shafl  satisfy  the  ssthetical  and  ethical,  as 
well  as  the  scientific  demands  of  the  human  mind.  This  variety  of 
interests  and  of  culture  led  to  the  result  of  his  making  important 
,  contributions  to  psycbologi,',  logic,  metaphycdes,  and  assthetics.  If 
we  find  his  system  of  thinking  —  aa  I  think  we  must  —  lacking  in 
certain  important  elements  of  consistency  and  obscured  In  places  by 
doubts  as  to  his  teal  meaning,  this  does  not  pre\'cnt  us  from  asaign- 
iag  to  Lotxo  a  position  which,  for  versatility  of  interests,  genial 
quality  of  reflection  and  criticism,  suggestiveness  of  thought  and 
charm  of  style,  is  second  to  no  other  in  the  historj-  of  nineteenth 
century  philosophical  development. 

lo  France  and  in  England  the  first  quarter  of  the  last  century 
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was  far  from  being  productive  of  great  thinkers  or  great  thoughts  in 
the  sphere  of  philosophy.  De  Biraa  (170<>-1824),  io  several  important 
respects  the  forerunner  of  modem  psycholog>',  after  revolting  from 
his  earlier  complacent  occeptunce  of  the  vagaries  of  CondillaC  and 
Cabanis,  made  the  discover}'  that  the  "immediate  consciousnees  of 
self-activity  is  the  primitive  and  fundamental  principle  of  human 
cognition."  Meantime  it  was  only  a  little  group  of  Academicians  who 
were  being  introduced,  in  a  somewhat  superficial  way,  to  the  thoughts 
of  the  Scottish  and  the  German  idealistic  Schools  by  Royer-Collard, 
Jouffroy,  Cousin,  ond  others.  A  more  independent  and  cbaractcriatic 
movement  wos  that  inaugurated  by  Auguste  C^tnte  (1798-1857), 
who,  having  felt  the  marked  influence  of  Saint-Simon  when  he  was 
only  a  boy  of  twenty,  in  a  letter  to  his  friend  Valat,  in  the  year  1824, 
declares:  "1  shall  devote  my  whole  life  and  all  my  powers  to  the 
founding  of  positive  philosophy."  In  spite  of  the  impossibility  of 
harmonizing  with  tliia  point  of  view  the  vague  and  mystical  elements 
which  characterise  the  later  thought  of  Comte,  or  with  its  cnrnitig 
into  effect  the  not  alto^ther  intetligcnC  recognition  of  the  synthetic 
activity  of  the  mind  (tout  ec  reduit  toujoun  a  Iter)  and  certain  hints  as 
to  "first  principles;"  and  in  spite  of  the  small  positive  contribution 
to  philosophy  which  Comtism  could  claim  to  have  made;  it  has  in 
a  way  represented  the  value  of  two  ideas.  These  are  (1)  the  necessity 
for  philosophy  of  studying  the  actual  historical  forces  which  have 
been  at  work  and  which  are  displayed  in  the  facts  of  history;  and 
(2)  the  determination  not  to  go  by  mere  unsupported  speculation 
beyond  experience  in  order  to  discover  knowable  Keality.  There  is, 
however,  a  kind  of  subtle  irony  in  the  fact  that  the  word  "  Positivism  " 
should  have  come  to  stand  so  largely  for  negative  conclusions,  in  the 
very  spheres  of  philosophy,  morals,  and  religion  where  afftrmatioe 
conclugions  are  so  much  desired  and  sought. 

That  philosophy  in  Great  Britain  was  in  a  nearly  complete  con- 
dition of  decadence  during  the  first  half  or  three  quarters  of  the 
nineteenth  century  was  the  combined  testimony  of  writers  from  such 
different  points  of  view  as  Cariyle,  Sir  William  Hamilton,  and  John 
Stuart  Mill.  And  yet  these  very  names  arc  also  witnesses  to  the  fact 
that  this  decadence  was  not  quite  complete.  In  the  6r3t  quarter  of 
the  century  Coleridge,  although  he  had  failed,  on  account  of  weakness 
both  of  mind  and  of  character,  in  his  attempt  to  reconcile  religion  to 
the  thought  of  his  own  age,  on  the  basis  of  the  Kantian  distinction  be- 
tween reason  and  the  intellect,  had  sowed  certain  seed-thoughts  which 
became  fertile  in  the  soil  of  minds  more  vigorous,  logical,  and  practi- 
cal than  his  own.  This  was,  perhaps,  especially  true  in  America,  where 
inquirers  after  truth  were  seeking  for  something  more  satisfactory 
than  the  French  akcpticiam  of  the  revolutionarj-  and  following  period. 
Carlyle's  mocking  sarcaam  vu  also  not  without  wholesome  effect. 
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But  it  was  Sir  William  Hamilton  and  Jobn  Stuart  &lill  whose 
[thoughts  exercised  a  more  powerful  forroative  influence  over  the 
linds  of  the  younger  men.  The  one  was  the  flower  of  the  Scottish 
Realism,  the  other  of  the  movement  started  by  Bentham  and  the 
elder  Mill. 

That  the  Scottish  Realism  should  end  by  such  a  combination 
with  the  slcepticism  of  the  critical  philosophy  as  is  implied  in  Ham- 
ilton's law  of  the  relativity  of  all  knowledge,  is  one  of  the  most 
curious  and  interesting  turns  in  the  historj-  of  modem  philosophy. 
And  when  this  law  was  so  interpreted  by  Dean  Mansel  in  its  appli- 
iCation  to  the  fundamental  rognitions  of  religion  as  to  lay  the  founda- 
ions  upon  which  the  most  imposing  structure  of  agnosticism  was 
built  by  Herbert  Spencer,  surely  the  entire  swing  around  the  circle, 
Lfrom  Kant  to  Kant  again,  has  been  made  complete.    The  attempt  of 
rHamiltoTi  failed,  m  every  similar  attempt  must  always  fail.   Neither 
speculative  philosophy  nor  religious  faith  is  satisfied  with  an  ab- 
!t  conception,  about  the  correlate  of  which  in  Reality  nothing 
known  or  ever  can  be  knrnvn.    But  even,-  important  attempt  nf 
this  sort  serves  the  double  purpose  of  stimulating  other  efforts  to 
reconstruct  the  nnswer  to  the  problem  of  philosophy,  on  a  ba.sis  of 
positive  experience  of  an  enlarged  type;  and  alsto  of  acting  as  a  real, 
if  only  tcmporarj*  practical  support  to  certain   value-judgment* 
which  the  faiths  of  morality,  art,  and  religion  both  implicate  and, 
in  a  measure,  validate. 

The  influence  of  John  Stuart  Mill,  as  it  was  exerted  not  only  in 
his  conduct  of  life  while  a  servant  of  the  East  India  Company,  but 
also  in  his  writings  on  Logic,  Politics,  and  Philosophy,  was,  on  the 
whole,  a  ^'aluable  contribution  to  his  generation.  In  the  additions 
which  he  made  to  the  XTtilitarianism  of  Bentham  we  have  done,  I 
believe,  all  that  ever  can  be  done  in  defense  of  this  principle  of  ethics. 
And  his  posthumous  confessions  of  faith  in  the  ontological  value  of 
certain  great  conceptions  of  religion  are  the  more  valuable  because  of 
the  nature  of  the  man,  and  of  the  experience  which  is  their  source. 
Perhaps  the  most  permanent  contribution  which  Mill  made  to  the 
development  of  philosophy  proper,  outside  of  the  sphere  of  lopc, 
ethics,  and  polities,  was  his  vigorous  polemical  eritieiam  of  Hamil- 
ton's claim  for  the  necessity  of  faith  in  an  "Unconditioned"  whose 
conception  is  "only  a  fasciculus  of  negations  of  the  Conditioned  in 
Its  opposite  extremes,  and  boimd  together  merely  by  the  aid  of 
language  and  their  common  character  of  incomprehensibility." 

The  hifitory  of  the  development  of  philosophy  in  America  during 
the  nineteenth  centurj',  as  during  the  preceding  century,  has  been 
cbaracteriied  In  the  main  by  three  principal  tendencies.  Theee 
may  be  called  the  theological,  the  social,  and  the  eclectic.  From 
the  b^;inning  down  to  the  present  time  the  religious  influence  and 
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the  interest  in  political  and  social  prubletns  have  been  dominant. 
And  yet  withal,  the  student  of  these  problems  in  the  atmosphere 
of  this  country  likes,  in  a  way,  to  do  his  own  thinking  and  to  make 
his  own  choices  of  the  thoughts  that  seem  to  him  true  and  best 
fitted  Tor  the  best  form  of  life.  In  spite  of  the  fact  that  the  difTerent 
streams  of  European  tliought  have  flowed  in  upon  us  soniewhut 
freely,  there  has  been  comparatively  little  either  of  the  adherence 
to  schools  of  European  philosopliy  or  of  the  attempt  to  develop  a 
national  school.  Doubtless  the  influence  of  English  and  Scottish 
thinkmg  upon  the  academical  circles  of  America  was  greatest  for 
more  than  one  hundred  and  fifty  years  after  the  gift  in  1714  by 
Governor  Yale  of  a  copy  of  Locke's  Essay  to  the  college  which  bore 
his  name,  —  and  especially  upon  the  reflections  and  published 
works  of  Jonathan  Edwards  touching  the  fundamental  problems 
of  cpistcmology,  ethics,  and  religion.  During  the  early  part  of  [h\» 
century  these  views  awakened  antagonism  from  such  writers  as 
Dana,  Whedon,  Hazard,  Nathaniel  Taylor,  Jeremiah  Day,  Henry  P. 
Tappan,  and  other  opponents  of  the  Edwardean  theology,  and  also 
from  such  advocates  of  so-called  "  &ee-tbinking,"  as  had  derived 
their  mvtijs  and  their  views  from  I^glish  deistical  writers  like 
Shafteaburj',  or  from  the  skepticism  of  Uume. 

A  more  definite  philosophical  movement,  however,  which  had 
established  itself  somewhat  firmly  in  scholastic  centres  by  the  year 
1825,  and  which  maintained  itself  fur  more  than  half  a  century*, 
went  back  to  the  arrival  in  this  country  of  John  Witherspoon,  in 
1708,  to  be  the  president  of  Princeton,  bringing  with  him  a  library 
of  three  hiuidred  books.  It  was  the  appeal  of  the  Scottish  Schoo]  to 
the  "plain  man's  consciousness"  and  to  so-called  "common  sense," 
which  was  relied  upon  to  controvert  all  forms  of  philosophy  which 
seemed  to  threaten  the  foundations  of  religion  and  of  the  ethics 
of  politics  and  sociology.  But  even  during  this  period,  which  was 
characterized  by  relatively  Uttlc  independent  thinking  in  scholastic 
circles,  a  more  pronounced  productivity  was  shown  by  such  writers 
as  Francis  Wayland,  and  others;  but,  perhaps,  especially  by  Laurens 
P.  Hickok,  whose  works  on  psychology  and  cosmology  desene 
especial  recognition:  while  in  psycholc^v,  as  related  to  philosophical 
problems,  the  principal  names  of  this  period  are  undoubtedly  the 
presidents  of  Yale  and  Princeton,  —  Noah  Porter  and  James  Mc- 
Cosh,  — both  of  whom  (but  especially  the  former)  hftd  their  views 
modified  by  the  more  scientific  psychology  of  Europe  and  the  pro- 
founder  thinking  of  Germany. 

It  was  Germany's  influence,  however,  both  directly  and  indirectly 
through  Coleridge  and  a  few  other  English  ^Titers,  that  caused  a 
ferment  of  impressions  and  ideas  which,  in  their  effort  to  work  them- 
selves clear,  resulted  in  wlut  is  known  as  New  Kugland  "Tran- 
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identalism."  In  America  this  movement  c&n  scarcely  be  called 
^dofinitely  philosophical;  much  less  can  it  be  said  to  have  resulted 
in  a  system,  or  even  in  a  school,  of  philosophy.  It  must  also  bo  said 
to  have  been  "inspired  but  not  borrowed"  from  abroad.  Its  prin- 
cipal, if  not  sole,  Hterarysur\-ival  is  to  l>e  found  in  the  works  of  Emer- 
son. As  expounded  by  him,  it  is  not  precisely  Pantheism  —  certainly 
not  a  consistent  and  critical  dcvdopmcnt  of  the  pantheistic  theory 
of  the  Being  of  the  World;  it  is,  rather,  a  vague,  poetical,  and  pan- 
theistical Idealism  of  a  decidedly  mystical  type. 

Tlie  introduction  of  German  philosophy  proper,  in  its  nature  form, 

and  essential  being,  to  the  few  interested  eeriou.t)y  in  critical  and 

reflective  thinking  upon  the  ultimate  problems  of  nature  and  of 

human  life,  began  with  the  founding  of  the  Journal  of  SpeeutaHve 

iFhilosophy,  in  1867,  under  the  direction  of  William  T.  Harris,  then 

^fiuperintendent  of  Schools  in  this  city. 

With  the  work  of  Darwin,  and  his  predecessors  and  successors, 
there  began  a  mighty  movement  of  thought  which,  although  it  is 
primarily  scientific  and  more  definitely  available  in  biological  science, 
already  exercised,  and  is  doubtless  destined  to  exercise  in  the 
iture,  an  enormous  influence  upon  philosophy.  Indeed,  we  are 
Ire&dy  in  the  midst  of  the  preliniinar>'  confueions  and  contentions, 
but  most  fniitful  considerations  and  discoveries  belonpng  to  a 
so-called  philosophy  of  e%'olution. 

This  development  has,  in  the  sphere  of  systematic  philosophy, 
reaohcd  its  highest  expreesion  in  the  voluminous  works  produced 
through  the  latter  lialf  of  the  nineteenth  century  by  Mr.  Herbert 
Spencer,  whose  recent  death  seems  to  mark  the  close  of  the  period 
we  have  under  consideration.  The  metaphysical  assumptions  and 
ontologieal  value  of  the  system  of  Siwncer,  as  he  wished  it  to  be 
nnderetood  and  interpreted,  have  perhaps,  though  not  unnaturally, 
been  quite  too  much  submerged  in  the  more  obvious  expressions  of 
\\A  agnoetic  positivism.  In  its  psychology,  however,  the  aasumption 
of  "some  underlying  substance  in  contrast  to  all  changing  forms," 
distinguishos  it  from  a  pure  positivism  in  a  very  radical  way.  But 
more  especially  in  philosophy,  the  metaphysical  postulate  of  a 
mysterious  Unity  of  Force  that  somehow  manages  to  reveal  iUolf, 
and  the  law  of  its  oporations,  to  the  developed  cognition  of  the 
nineteenth  century  philosopher,  however  much  it  (wems  to  involve 
the  s>'stem  in  internal  contradictions,  certainly  forbids  that  we 
should  identify  it  with  the  positivism  of  Auguste  Comtc.  In  our 
judgment,  however,  it  is  iu  hia  ethical  good  sense  and  integrity  of 
judgment,  —  a  good  sense  and  integrity  which  commits  to  ethics 
rather  than  to  sociology  the  task  of  determining  the  highest  type 
of  human  life,  —  and  in  basing  the  conditions  for  the  prevalence  and 
the  development  of  the  highest  type  of  life  upon  ethical  principles 
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and  upoD  tbe  adliereDce  to  ethical  ideati,  that  Herbert  Spencer  will 
be  found  most  clearly  entitled  to  a  lasting  honor. 

III.  Tbe  third  number  of  our  difficult  tasks  is  to  tmmmarize  the 
principal  results,  to  inventory  the  net  profits,  as  it  were,  of  the  devel- 
opuieiit  of  pliiiosophy  during  the  nineteeotb  century.  This  task  is 
made  the  juore  difficult  by  the  hetorogeneous  nature  and  as  yet 
unclassitied  condition  of  the  development.  With  the  quickening 
and  diversifying  of  all  kinds  and  means  of  intercourse,  there  has 
come  the  breaking-down  of  national  schools  and  idiosyncrasies  of 
method  and  of  thought.  In  philosophy,  Germany,  France,  Great 
Britain,  and  indeed,  Italy,  have  come  to  intermingle  their  streams 
of  influence;  and  from  all  these  countries  these  streams  have  been 
flowing  in  upon  America.  In  psychology,  especially,  as  well  as  in  all 
the  other  sciences,  but  also  to  some  degree  in  philosophy,  returning 
streams  of  influence  from  America  have,  during  the  last  decade  or 
two,  been  felt  in  Europe  itself. 

It  must  also  be  admitted  that  the  attempts  at  a  reconstruction  of 
systematic  philosophy  which  have  followed  the  rapid  disintegration 
of  the  HcgpHan  system,  and  the  enormous  accumulations  of  new 
material  due  to  the  extension  of  historical  studies  and  of  the  par- 
ticular sciences,  —  including  especially  the  so-called  "new  psycho- 
logy,"—  have  not  as  yet  been  fntitful  of  large  results.  In  philo- 
sophy, as  in  art,  politics,  and  even  scientific  theor>*,  the  spirit  and 
the  opportunity  of  the  time  are  more  favorable  to  the  gathering  of 
material  and  to  the  projecting  of  a  bewildering  variety  of  new  opin- 
ions, or  old  opinions  put  forth  under  new  names,  than  to  that  candid, 
patient,  and  prolonged  reflection  and  balancing  of  judgment  which 
a  worthy  system-building  inexorably  rcciuires.  The  age  of  breaking  up 
the  old,  without  assimilating  the  new,  has  not  yet  passed  away.  And 
whatever  is  new,  startling,  large,  even  monstrous,  has  in  many 
quartcnt  the  seeming  preference,  in  philosophy's  building  as  in  other 
architecture.  To  the  confusion  which  reigns  even  in  scholastic 
circles,  contributions  have  been  arriving  from  the  outside,  from 
philn^phers  like  Nietzsche,  and  from  men  great  in  literature  like 
Tolstoi.  Nor  has  the  matter  been  helped  by  the  more  recent  extreme 
developments  of  positivism  and  skepticism,  which  often  enou^, 
without  any  consciousness  of  their  origin  and  without  the  respect 
for  morality  and  religion  which  Kant  always  c^'inccd,  really  go  back 
to  the  critical  philosophy. 

In  spite  of  all  this,  however,  the  last  two  decades  or  more  have 
ahow[i  certain  hopeful  tendencies  and  notable  achievements,  lock- 
ing toward  the  reconstruction  of  systematic  philosophy.  In  ihia 
attempt  to  bring  order  out  of  confusion,  to  enable  rulm,  prolonged, 
ftnd  roRective  thinking  to  build  into  its  structure  the  riches  of  the 
DOW  material  which  tho  evolution  of  the  race  has  secured,  a  plooo 
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of  honor  ought  to  be  given  to  France,  where  so  much  has  been  done 
of  late  to  blend  with  clearness  of  style  and  independence  of  thought 
that  calm  reflective  and  critical  judgment  which  looks  all  sides  of 
human  experience  sympathetically  but  bravely  ia  the  face.  In 
psychology  Uibot.  and  in  philosophy,  Fouill^e,  Uenouvier,  Secr^tan, 
and  othera,  deserve  grateful  recognition.  No  friend  of  philotiophy 
eftn,  I  think,  fail  to  recognize  the  probable  benefits  lo  be  derived 
from  that  movement  with  which  such  names  as  Sdach  and  Ostn-ald 
in  Germany  are  connected,  and  which  is  sounding  the  call  to  the 
men  of  science  to  clear  up  the  realty  distressing  obscurity  and  con- 
fusion which  has  so  long  clung  to  their  fundamental  conceptions; 
and  to  examine  anew  the  significance  of  their  assnmptions,  with 
a  view  to  the  construction  of  a  new  and  improved  doctrine  of  the 
Being  of  the  World.  And  if  to  these  names  we  add  those  of  the 
numerous  distinguished  investigators  of  psychology  as  pedagogic 
to  philosophy,  and,  in  philosophy,  of  Deussen,  Eucken,  von  Hart- 
mann,  Rich!.  Wundt,  and  others,  we  may  well  affirm  that  new  light 
will  continue  to  break  forth  from  that  country  whirh  so  powerfully 
aroused  the  whole  Western  World  at  the  end  of  the  eighteenth  and 

(beginning  of  the  nineteenth  centuries.    In  Great  Britain  the  name 

'uid  works  of  Thomas  Hill  Green  have  influenced  the  attempts  at 
a  reconstruction  of  systematic  philosophy  in  a  manner  to  satisfy  at 
one  and  the  same  time  both  the  facts  and  laws  of  science  and  the 
ssthetical,  ethical,  and  religious  ideals  of  the  age,  in  a  very  consider- 
able degree.  And  in  this  attempt,  both  as  it  expresses  itself  in  theo- 
retical psychology  and  in  the  various  branches  of  pWlosophical 
discipline,  writers  like  Hradley,  Fraser,  Flint,  Hodgson,  Seth,  Stout, 
Ward,  and  others,  have  taken  a  conspicuous  part.  Nor  are  there 
ranting  in  Holland,  Italy,  and  even  in  Sweden  and  Russia,  thinkers 

'equally  worthy  of  recognition,  and  recognized,  in  however  limited 
and  unworthy  fashion,  in  their  own  land.  The  names  of  those  in 
America  who  have  labored  most  faithfully,  and  succeeded  best,  in 
this  enormous  task  of  reconstruoung  philosophy  in  a  s>"8tcmatic 
way,  and  upon  a  basis  of  history  and  of  modem  science,  I  do  not 

,  need  to  mention;  they  are  known,  or  they  surely  ought  to  be  known, 
to  OS  all. 

In  attempting  to  summarize  the  gains  of  philosophy  during  the 
last  hundrwl  years,  we  should  remind  ourselves  that  progress  in 
philosophy  docs  not  consist  in  the  final  settlement,  and  so  in  the 
"solving"  of  any  of  its  great  problems.    Indeed,  the  relations  of 

-philosophy  to  its  grountU  in  experience,  and  the  nature  of  its  method 
and  of  its  ideal,  are  auch  that  its  progress  can  never  be  expected 
to  put  an  end  to  itself.  But  the  content  of  the  total  experience  of 
humanity  has  been  greatly  enriched  during  the  last  century;  and 
the  critical  and  reflective  thought  of  trained  minds  has  been  led 
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toward  a  more  profound  and  coinprehen^ve  theory  of  Reality, 
and  toward  a  doctriae  of  values  that  shall  be  more  available  for  the 
improvement  of  man's  political,  social,  and  religious  hfe. 

In  %'icw  of  this  truth  respecting  the  limitations  of  systematic 
philosophy,  I  think  we  may  hold  that  certain  negative  results, 
which  are  customarily  adduced  as  unfavorable  to  the  claims  of 
philosopliicat  progress,  are  really  stgiis  of  improvement  during  Iho 
latter  half  of  the  nineteenth  century.  One  is  an  increased  spirit 
of  reserve  and  caution,  and  an  increased  modesty  of  claims.  This 
result  is  perliaps  significant  of  riper  wisdom  and  more  trustworthy 
maturity.  Kant  hclicvod  himself  to  have  established  for  philosophy 
a  system  of  apodeictic  conclusions,  which  were  as  completely  forever 
to  have  displaced  the  old  dogmatism  as  Copei-nicua  had  displaced 
the  Ptolemaic  astronomy.  But  the  steady  pressure  of  historical  and 
scientiRc  studies  has  made  it  increasingly  difficult  for  any  sane 
thinker  to  claim  for  any  system  of  thinking  such  demonstrable  val- 
idity. May  wo  not  hope  that  the  students  of  the  particular  sciences, 
to  whom  philosophy  owes  so  much  of  its  enforced  sanity  and  sane 
modesty,  t^tII  themselves  soon  share  freely  of  the  philosophic  spirit 
with  regard  to  their  o^vn  metaphysics  and  ethical  and  religious 
standpoinls,  touching  the  Ultimate  Reality?  Even  when  the  recoil 
from  the  overweening  self-satisfaction  and  crass  complacency  of  the 
earlier  part  of  the  lost  centur>'  takes  the  form  of  melancholy,  or  of 
acute  sadness,  or  even  of  a  mild  despair  of  philosophy,  I  am  not  sure 
that  the  last  state  of  that  man  i&  not  better  than  the  first. 

In  connection  with  this  improvement  in  spirit,  we  may  also  note  an 
improvemetit  in  the  method  of  philosophy.  TTie  purely  speculative 
method,  with  its  intensely  interesting  but  indefensible  disregard  of 
concrete  facts,  and  of  the  conclusions  of  the  particular  sciences,  is  nu 
longer  in  favor  even  among  the  most  ardent  devotees  and  advocates 
of  ilic  superiority  of  philosophy  to  those  scieDces.  At  the  same  time, 
philosophy  may  quite  properly  continue  to  maintain  its  position  of 
independent  critic,  as  well  as  of  docUo  pupil,  toward  the  particular 
Bciencea. 

In  the  same  connection  must  be  mentioned  the  hopeful  fact  that 
the  last  two  or  three  decades  have  shown  a  decided  improvement  in 
the  relations  of  philosophy  toward  the  positive  sciences.  There  are 
plain  signs  of  late  lliat  the  attitude  of  antagonism,  or  of  neglect, 
which  prevailed  so  largely  during  the  second  and  third  quarters  of  the 
nineteenth  century,  is  to  be  replaced  by  one  of  friendship  and  mutual 
helpfulness.  And,  indeed,  science  atid  philosophy  catmot  long  or 
RTeatly  flourish  without  reciprocal  aid,  if  by  science  we  mean  a  true 
WOiMenscfinll  and  if  ^ve  also  mt-ao  to  base  philosophy  upon  our  total 
experience.  For  science  and  philosophy  arc  really  engaged  upon  the 
same  task,  —  to  Hndentand  and  U>  appndate  the  totality  of  man's 
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experience.  They,  tbereforoj  have  essontial  and  permanent  relatioaa 
o(  dei>cudence  for  material,  for  insptration  and  correction,  and  for 
other  forms  of  helpfulness.  While,  then,  their  respective  spheres  have 
been  more  clearly  deUmited  during  the  last  century,  their  inter- 
dependence has  been  more  forcefully  exhibited.  Both  of  them  have 
been  developio(f  a  systematic  exposition  of  the  universe.  Both 
of  them  desire  to  enlarge  and  deepen  the  conception  of  the  Being  of 
the  World,  as  made  knQ\vn  to  the  totality  of  human  experience,  in 
its  Unity  of  nature  and  significance.  We  cannot  beUeve  that  the  end 
of  the  nineteenth  century  would  sustain  the  charge  which  Fontenelle 
made  In  the  closing  yeans  of  the  seventeenth  century:  "  L'Acadimin 
det  Science*  ne  prend  la  rtature  que  par  peiites  parc€lUs."  Science  itaelf 
now  bids  us  regard  the  Universe  as  a  dynamical  Unity,  teleotogically 
conceived,  because  in  a  process  of  evolution  under  the  control  of 
immanent  ideas.  I'luloefophy  assumes  the  same  point  of  view,  rather 
at  the  beginning  than  at  the  end  of  defining  its  purpose ;  and  so  feels 
a  certain  glad  leap  at  its  heart-strings,  and  an  impulse  to  hold  out 
the  hand  to  science,  when  it  bears  such  an  utterance  as  that  of  Poin- 
carfi:    Ce  n'est  pas  U  m^cAanwme  k  vrai,  U  seut  but ;  c'e«t  I'uniU. 

Shall  we  not  say,  then,  that  this  double-faced  but  wholly  true 
lesson  has  been  learned:  namely,  that  the  so-called  philosophy  of 
nature  has  no  sound  foundation  and  no  safeguard  against  vagaries 
of  every  sort,  unless  it  follows  the  lead  of  the  positive  sciences  of 
nature;  but  thai  the  sciences  themselves  can  never  afford  a  fuU 
satisfaction  to  the  legitimate  aspirations  of  human  reason  unless  they, 
too,  contribute  to  the  pluloeophy  of  nature  —  writ  large  and  con- 
ceived  of  as  a  real-ideal  Unity. 

Tliat  nature,  as  known  and  knowablc  by  man,  is  a  great  artist, 
and  that  man's  leslhetical  consciousness  may  be  trusted  as  having 
a  certain  ontological  value,  is  the  postulate  properly  derived  from  the 
considerations  advanced  in  the  latest,  and  in  some  respects  the  most 
satisfactorj-,  of  the  three  Critiques  of  Kant.  "Hie  ideal  way  of  looking 
at  natural  phenomena  which  so  delighted  the  mind  of  Goethe  ha.s  now 
been  placed  on  broad  and  sound  foundations  by  the  fruitful  indus- 
tries of  many  workmen,  —  such  as  Karl  Ernst  von  Baer  and  Charles 
Darwin,  —  whose  morpholoRical  and  evolutionary-  conception;)  of  the 
universe  have  transformed  the  current  conceptions  of  cosmic  pro- 
cesses. But  the  world  of  physical  and  natural  phenomena  has  thereby 
been  rendered  not  less,  but  more,  of  a  Cosmos,  an  orderly  totality. 

In  addition  to  these  more  general  but  somewhat  vague  evaluations 
of  the  progress  of  philosophy  during  the  nineteenth  century,  we  are 
certainly  called  upon  to  face  the  question  whether,  after  all,  any 
advance  has  been  made  toward  the  more  satisfactory  solution  of  the 
definite  problems  which  the  Kantian  criticism  left  unsolved.  To  this 
question  I  believe  an  affirmative  answer  may  be  given  in  accordance 
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with  the  facta  of  history.  It  will  be  remembered  thai  the  first  of  these 
problems  was  the  epistemolugical.  Certainly  no  little  improvement 
has  been  made  in  the  psychology  of  cognition.  We  can  no  longer 
repeat  the  mistakes  of  Kant,  either  with  respect  to  the  uncritical 
assumptions  he  makes  regarding  the  origin  of  knowledge  in  the 
BO-called  "faculties"  of  the  human  mind  or  regarding  the  analysis 
of  those  faculties  and  their  interdependent  relatiuns.  It  is  not  the 
Scottish  philosophy  alone  which  has  led  to  the  conclusion  that,  in  the 
word  of  the  late  Professor  Adamson,  "  What  are  callM  acts  or  states 
of  consciousness  are  not  rightly  conceived  of  as  having  for  their 
objects  their  own  modes  of  existence  as  ways  in  which  a  subject  is 
modified."  And  in  the  iarger  manner  both  science  and  philosophy,  in 
their  negations  and  their  affirmations,  and  even  in  their  |K>tnt6  of 
view,  have  better  grounds  for  the  faith  of  human  reason  in  its  power 
progressively  to  master  the  knowledge  of  Reality  than  was  the  case 
a  hundred  years  ago.  Nor  has  the  dtcpticism  of  the  same  era,  whether 
by  shallow  scofling  at  repeated  failures,  or  by  pious  sighs  over  the 
limitations  of  human  reason,  or  by  critical  analysis  of  the  cognitive 
faculties  "according  to  well-established  principles,"  succeeded  in 
limiting  our  speculative  pretensions  to  the  sphere  of  possible  expe- 
rience,—  in  the  Knntian  meaning  both  of  "principles"  and  of 
"experience."  But  what  both  science  and  philosophy  are  com- 
pelled to  agree  upon  as  a  common  underlying  principle  is  this:  The 
proof  of  the  most  fundamental  presuppositions,  as  well  as  of  the 
latest  more  scientifically  established  conclusions,  of  both  science  and 
philosophy,  is  the  assistance  they  afford  in  the  satisfactory  explana- 
tion of  the  totality  of  racial  espcriencc. 

In  the  evolution  of  the  ontologieal  problem,  as  compared  with  the 
form  in  which  it  was  left  by  the  criticaJ  philosophy,  the  past  century 
has  also  made  some  notable  advances.  To  deny  this  would  be  to  dis- 
credit the  development  of  human  knowledge  so  far  aa  to  say  that  we 
know  no  more  about  what  nature  ie,  and  man  in,  than  was  known 
a  hundred  years  ago.  To  say  this,  however,  w^ould  not  be  to  speak 
truth  of  fact.  And  here  we  may  not  utwatumlly  gn)w  somewhat 
impaliont  with  that  metaphysical  fallacy  which  places  on  impassable 
gulf  between  Reality  and  Experience.  No  reality  is,  of  course, 
cognizable  or  believable  by  man  which  does  not  som^ow  show  its 
presence  in  his  total  experience.  But  no  growth  of  experience  is  pos- 
sible without  involving  increase  of  knowledge  representing  Reality. 
For  Reahty  is  no  absent  and  dead,  or  statical,  Ding-an-3ich.  Cogni- 
tion itself  is  a  commerce  of  realities.  And  are  there  not  plain  signs 
that  the  mor«  thouchtful  men  of  science  arc  becoming  less  averse  to 
the  recognition  of  the  truth  of  ontologieal  ptiilo^ophy;  namely,  that 
the  deeper  meaning  of  their  own  studies  is  grasped  only  when  they 
recogniie  that  they  are  ever  face  to  face  with  what  they  call  Energy 
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uid  we  call  Will,  and  with  wbikt  they  call  laws  and  we  call  Mind  as 
Bignificant  of  the  progressive  realization  of  immanent  ideas.  This 
Ultimate  Reality  is  so  profound  that  neither  science  nor  philosophy 
will  ever  sound  all  ila  depths,  and  so  comprehensive  as  more  than  to 
justify  all  the  categories  of  both. 

Probably,  on  the  whole,  there  has  been  less  progress  made  toward  a 
satisfactory  solution  of  the  problems  offered  by  the  value- judgments 
of  ethics  and  religion,  in  the  form  in  which  these  problems  were  left 
by  the  critical  philosophy.  The  century  has  illustrated  the  truth  of 
Falckenberg's  statement:  "In  periods  which  have  given  birth  to  a 
skeptical  philosophy,  one  never  looks  in  vain  for  the  complementary 
phenomenon  of  mysticism."  Twice  during  the  century  the  so-called 
"faith-philosophy,"  or  philosophy  of  feeling,  has  been  borne  to  the 
front,  to  raise  a  bulwark  against  the  advancing  hosts  of  agnostics  — 
occasioned  in  the  first  period  by  the  negations  of  the  Kantian  criti- 
cism,  and  in  the  second  by  ihe  positive  conclusions  of  the  physical 
and  biological  sciences.  This  form  of  protesting  against  the  neglect 
or  disparagement  of  important  factors  which  belong  to  man's  ffis- 
thetical,  ethical,  and  religious  experience,  is  reasonable  and  must  be 
heard.  But  the  extravagances  with  which  these  neglected  factors 
have  been  posited  and  appraised,  to  the  neglect  of  the  more  defini- 
tively scientific  and  stricUy  logical,  is  to  be  deplored.  The  great  work 
before  the  philosophy  of  the  present  ago  is  the  reconciliation  of  the 
historical  and  scientific  conceptions  of  the  Universe  with  the  legiti- 
mate sentiments  and  ideals  of  art,  morality,  and  religion.  But  surely 
neitbcr  rationalism  nor  "  faith- philosophy  "  Is  justified  in  poiuing  out 
the  living  child  uith  the  muddy  water  of  the  bath. 

IV.  The  attempt  to  sun-ey  the  present  situation  of  philosophy, 
and  to  predict  its  immediate  future,  is  embarrassed  by  the  fact  that 
we  are  all  immersed  in  it,  are  a  part  of  its  spirit  and  present  form. 
But  if  nearoess  has  its  embarrassments,  it  has  also  its  benefits.  Those 
who  are  amidst  the  tides  of  life  may  know  better,  in  a  way,  how  these 
tides  are  tending  and  what  is  their  present  strength,  than  do  those 
who  survey  them  from  distant,  oool,  and  exalted  heights.  "Fiir 
jedeH  tinzelnftt  biidcl  tier  Vattr  und  der  Sohn  eine  greifbare  Kctle  von 
Lebemtreignungen  und  Erfahrungen."  The  very  intonsr^ly  vital  and 
formative  but  unformed  condition  of  systematic  philosophy — its 
protoplasmic  character  —  contains  promises  of  a  new  life.  If  we 
may  believe  the  -view  of  Hegel  that  the  systematizing  of  the  thought 
of  any  age  marks  the  time  when  the  peculiar  living  thought  of  that 
age  is  pa*«ng  into  a  period  of  decay,  we  may  certainly  claim  for  our 
present  age  the  pro.'^pcct  of  a  prolonged  vitality. 

The  nineteenth  century  has  left  us  with  a  vast  widening  of  the 
horizon,  —  outward  into  space,  backward  in  time,  inward  toward  the 
secrets  of  life,  and  downward  into  the  depths  of  Reality.   With  this 
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there  has  boon  an  mcreaae  id  the  profundity  of  the  con\iction  of  the 
spiritual  unity  of  the  race.  In  the  consideration  of  all  of  its  problems 
in  the  immediate  future  and  in  the  coming  century  —  so  far  as  we  can 
see  fonvard  into  this  century  —  philosophy  will  have  to  reckon  with 
certain  marked  characteriatics  of  the  human  spirit  which  form  at  the 
same  time  inspiring  stimuli  and  limiting  conditions  of  its  endeavors 
and  achievements.  Chief  among  these  are  the  greater  and  more 
firmly  established  principles  of  the  positive  sciences,  and  the  pre- 
valence of  the  historical  spirit  and  method  in  the  investigation  of  all 
manner  of  problems.  These  influences  have  given  shape  to  the  con- 
ception which,  although  it  is  as  yet  by  no  means  in  its  final  or  even 
in  thoroughly  self-consistent  form,  is  destined  powerfully  to  affect 
our  philosophical  as  well  as  our  scientific  theories.  This  conception  Is 
that  of  Development.  But  philosophy,  considered  as  the  product  of 
critical  and  reQective  thinking  over  the  more  ultimate  problems  of 
nature  and  of  human  life,  is  itself  a  development.  And  it  is  now,  more 
than  ever  before,  a  development  interdependently  connected  with  all 
the  other  great  developments. 

Philosophy,  in  order  to  adapt  itself  to  the  spirit  of  the  age,  must 
welcome  and  cultivate  the  freest  critical  inquiry  into  its  own  methods 
and  results,  and  must  cheerfully  submit  itself  to  the  demand  for 
evidences  which  has  its  roots  in  the  common  and  essential  experience 
of  the  race.  Moreover,  the  growth  of  the  spirit  of  democracy,  which, 
on  the  one  hand,  is  distinctly  unfavorable  to  any  system  of  philosophy 
whose  tenets  and  formulas  seem  to  have  only  an  acadc-mic  validity 
or  a  merely  esoteric  value,  and  wliich,  on  the  other  hand,  requires 
for  its  aatisfaction  a  more  tenable,  helpful,  ond  univeraally  appli- 
cable theory  of  life  and  reality,  cannot  fail,  in  my  judgment,  to  influ- 
ence favorably  the  development  of  philosophy.  In  the  union  of  the 
speculative  and  the  practical;  in  the  harmonizing  of  the  interests  of 
the  positive  sciences,  with  their  judgments  of  fact  and  law,  and  the 
interests  of  art,  morality,  and  religion,  with  their  value-judgments 
and  ideals;  in  the  sjaithesis  of  the  truths  of  Realism  and  Idealism,  as 
they  have  existed  hitherto  and  now  exist  in  separateness  or  antago- 
nism; in  a  union  that  is  not  accomplished  by  a  shallow  eclecticism,  but 
by  a  sincere  attempt  to  baso  philosophy  upon  the  totality  of  human 
experience;  —  in  such  a  union  as  this  must  we  look  for  the  real  pro- 
gress of  philosophy  in  the  coming  century. 

Just  now  there  seem  to  be  two  somewhat  heterogenoous  and  not 
altogether  well-defined  tendencies  toward  the  reconstruction  of  sys- 
tematic  philosophy,  both  of  which  arc  powerful  and  repres>ent  real 
truths  conquered  by  ages  of  intellectual  indtisLr>'  and  conflict.  ThcBft* 
two,  however,  need  to  be  internally  harmonised,  In  order  to  obtain  a 
satisfactor)-  statement  of  the  development  of  the  last  century.  They 
may  be  called  the  cvoluliooary  and  the  idealistic,  llie  one  tendency 
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lays  emphasis  on  mechanism,  the  other  on  spirit.  Yet  it  is  most 
intereeting  to  notice  how  nmny  of  the  early  workmen  in  the  investi- 
gation of  the  principlu  of  the  consen^atton  and  correlation  of  energy 
took  their  point  of  departure  from  distinctly  teleological  and  spiritual 
conceptions.  "  1  waa  led,"  said  Colding,  —  to  take  an  extreme  case,  — 
at  the  Natural  Science  Congress  at  Innsbruck,  1869,  "to  the  idea  of 
the  conslAncy  of  national  forces  by  the  religious  conception  of  life." 
And  even  Moleschott,  in  his  Autciyioffraphy,  posthumously  published, 
declares:  "X  mj'sclf  was  uoU  &wa.K  that  the  whole  conception  might 
be  converted;  for  since  all  matter  la  a  bearer  of  force,  endowed  with 
force  or  penetrated  with  spirit,  it  would  be  just  as  correct  to  call  it 
a  spiritualistic  conception."  On  the  other  band,  the  modem,  better 
instructed  Idealism  is  much  inclined,  both  from  the  psychological  and 
from  the  more  purely  philosophical  points  of  view,  to  regard  with 
duly  profound  respect  all  the  facta  and  laws  of  that  mechanism  of 
Reality,  which  certainly  U  not  merely  the  dependent  construction 
of  the  human  mind  functioning  according  to  a  constitution  that 
excludes  it  from  Reality,  but  is  rather  the  ever  increasingly  more 
trustworthy  revealer  of  Reality.  This  tendency  to  a  union  of  the 
claims  of  both  Realism  and  Idealism  is  profoundly  influencing  the 
solution  of  each  one  of  these  problems  which  the  Kantian  criticism 
left  to  the  philosophy  of  the  nineteenth  century.  In  respect  of  the 
epifltemological  problem,  philosophy  —  as  I  have  already  said  — 
is  not  likely  again  to  repeat  the  niistakea  either  of  Kant  or  of  the 
dogmatism  which  his  criticism  so  effectually  overthrew.  It  wa«  a 
Arise  remark  of  the  physician  Johann  Benjamin  Erhard,  in  a  Ictt«r 
dated  May  19,  1794,  h  propos  of  Fichtc:  "The  philosophy  which 
proMcds  from  a  single  fundamental  principle,  and  pretends  to  deduce 
cvcrj*thing  from  it,  is  and  always  will  remain  a  piece  of  artificial 
sophistr}* :  only  that  philosophy  which  ascends  to  the  highest  prin- 
ciple and  exhibits  everything  else  in  perfect  harmony  wth  it,  is  the 
true  one."  This  at  least  ought  —  one  would  say  —  to  have  been 
made  clear  by  the  century  of  discussion  over  the  epistemological 
problem,  since  Kant.  You  cannot  deduce  the  Idea  from  the  Reality, 
or  the  Reality  from  the  Idea.  The  problem  of  knowledge  is  not,  as 
Fiohte  held  in  the  form  of  a  fundamental  assumption,  an  alternative 
of  this  sort.  The  Idea  and  Reality  are,  the  rather  already  there, 
and  to  be  recognized  as  in  a  living  unity,  in  every  cognitive  expedi- 
ence. Psychology  is  constantly  adding  something  toward  the  pro- 
blem of  cognition  as  a  problem  in  syntbesis;  and  is  then  in  a  way 
contributing  to  the  better  acientilic  understanding  of  the  philo- 
sophical postulate  which  \a  the  confidence  of  human  reason  in  ita 
ability,  by  the  harmonious  uso  of  all  ila  powers,  progressively  to 
reach  a  better  and  fnllcr  knowledge  of  Reality. 
The  ontological  problem  will  necessarily  always  remain  the  un- 
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eolved,  in  the  scnae  of  the  very  incomplctoly  solved  problem  of 
philosophy.  But  na  long  as  human  oxporicncc  do\*elop«,  and  as  long 
as  philosophy  bestows  upon  experience  the  earnest  and  candid 
efforts  of  reflecting  minds,  the  solution  of  the  ontological  probleni 
will  be  approached^  but  never  fully  reached.  That  Being  of  the 
World  wliich  Kant,  in  the  negative  and  critical  part  of  his  worlc, 
left  as  an  A',  unknown  and  unknow-able,  the  last  century  ha.";  filled 
with  a  new  and  far  richer  content  than  it  ever  had  before.  I-^pccially 
has  this  century  changed  the  conception  of  the  Unity  of  the  Uni- 
verse in  such  manner  that  it  can  never  return  again  to  its  ancient 
form.  On  the  one  hand,  this  Unity  cannot  be  made  comprehensible 
in  terms  of  any  one  scientific  or  philosophical  principle  or  law. 
Science  and  philosophy  ore  both  mo%nng  farther  and  farther  away 
from  the  hope  of  comprehending  the  variety  ond  infinite  monifold- 
ne»  of  the  Absolute  in  terms  of  any  one  side  or  aspect  of  man's 
complex  experience.  But,  on  the  other  hand,  the  confidence  in  this 
essential  Unity  is  not  diminished,  but  is  the  rather  confirmed.  As 
humanity  itself  develops,  as  the  Selfhood  of  man  grows  in  the 
experience  of  the  world  which  is  its  own  environment,  and  of  the 
world  within  which  it  is  its  own  true  Self,  humanity  may  reasonably 
hope  to  win  an  increased,  and  increasingly  valid,  cognition  of  the 
Being  of  the  World  as  the  Absolute  Self. 

Closely  connected,  and  in  a  way  essentially  identical  with  the 
ontological  pniblem,  is  that  of  the  origin,  validity,  and  rational 
value  of  the  ideas  of  humanity.  May  it  not  be  said  that  the  nine- 
teenth centur>*  transfers  to  the  twentieth  an  increased  interest  in 
and  a  heightened  appreciation  of  the  so-called  practical  problems 
ef  philosophy.  Science  and  philosophy  certainly  ought  to  combine 
—  and  are  they  not  ready  to  combine?  —  in  the  effort  to  secure 
a  more  nearly  satisfactory  understanding  and  solution  of  the  pro- 
blems afforded  by  the  ieathcticnl,  ethical,  and  religious  sentiments 
and  ideals  of  the  race.  To  philosophy  this  combination  means  that 
it  shall  be  more  fruitful  than  ever  before  in  promoting  the  uplift  and 
betterment  of  mankind.  The  fulfillment  of  the  practical  mission  of 
philosophy  involves  the  application  of  its  conceptions  and  prin- 
ciples to  education,  politics,  morals,  as  a  matter  of  law  and  of  cus- 
tom, and  to  religion  as  matter  both  of  rational  faith  and  of  the  con- 
duct of  life. 

How,  then,  can  this  brief  and  imperfect  Bketch  of  the  outline  of  the 
development  of  philosophy  in  the  nineteenth  century  better  come  to 
a  close  than  by  words  of  encouragement  and  of  exhortation  as  well. 
There  are,  in  my  judgment,  the  plainest  signs  that  the  somewhat 
too  destructive  and  even  nihilistic  tendencies  of  the  second  and 
third  (]nnrter»  of  the  nineteonih  century  have  reached  their  limit; 
that  the  strife  of  science  and  philosophy,  and  of  both  with  religion, 
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is  lessening,  and  is  being  rapidly  displaced  by  the  spirit  of  mutual 
fairness  and  reciprocal  helpfulness;  and  that  reasonable  hopes  of 
a  new  and  a  splendid  era  of  reconstruction  in  philosophy  may  be 
entertained.  For  I  cannot  agree  with  the  dictum  of  a  recent  writer 
on  the  subject,  that  "the  sciences  are  coming  less  and  less  to  admit 
of  a  synthesis,  and  not  at  all  of  a  synthetic  philosopher." 

On  the  contrary,  I  hold  that,  with  an  increased  confidence  in  the 
capacity  of  human  reason  to  discover  and  validate  the  most  secret 
and  profound,  as  well  as  the  most  comprehensive,  of  truths,  philo- 
sophy may  well  put  aside  some  of  its  shyness  and  hesitancy,  and  may 
resume  more  of  that  audacity  of  imagination,  sustained  by  ontological 
convictions,  which  characterized  its  work  during  the  first  half  of  the 
nineteenth  century.  And  if  the  latter  half  of  the  twentieth  century 
does  for  the  constructions  of  the  first  half  of  the  same  century,  what 
the  latter  half  of  the  nineteenth  century  did  for  the  first  half  of  that 
century,  this  new  criticism  will  only  be  to  illustrate  the  way  in  which 
the  human  spirit  makes  every  form  of  its  progress. 

Therefore,  a  summons  of  all  helpers,  in  critical  but  fraternal  spirit, 
to  this  work  of  reconstruction,  for  which  two  generations  of  enormous 
advance  in  the  positive  sciences  has  gathered  new  material,  and  for 
the  better  accomplishment  of  which  both  the  successes  and  the 
failures  of  the  philosophy  of  the  nineteenth  century  have  prepared 
the  men  of  the  twentieth  centxuy,  is  the  winsome  and  imperative 
voice  of  the  hour. 
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{HaB  6,  Septmbtr  Si.  10  a.  n.) 

pROTEMOn  A.  C  ARifSTROKa,  Wealivran  I'nivtnity. 
Pkofesboh  a.  E.  Tatixib,  McGili  Univenuly,  MnntrcAJ. 
PnoFBflftOB  AutX-«n>ER  T.  ClRMQ>m,  Princrton  Univcnit)'. 
PROPEsaoK  A.  O.  LonuoT,  WasbingtoD  UmTsnity. 


The  Cbairm&n  of  the  Section,  Professor  A.  C.  Amutrong,  of  Wm- 
leyftD  Univej^ity,  in  opening  the  meeting  referred  to  the  contin- 
ued vitality  of  metaphysics  as  shown  by  its  repeated  revivals  after 
the  many  destructive  attacks  upon  it  in  the  later  modem  times: 
be  congratulated  the  Section  on  the  fact  that  the  prinoipal  speakers 
were  scholars  who  had  made  notable  ooathbuUons  to  metaphyaicaJ 
theory- 
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AND    THE 


Br    PROFESSOR   ALFRED   EDWARD  TAYLOR 


[AHred  Edward  Taylor.  Frothinfthain  rrofc*»<»r  of  Philftsnphv.  MrOill  tTni- 
vt^rHitv,  Miintrcul,  CanaiU.  b.  OiiucIIp.  KtiulniKl,  nv<-«inl>rr  ^2,  1869.  U-A. 
Oxford.  Filiow,  Mcrtoii  CoIU-kc.  Oxlordi  1891-08,  1902-;  Lcclurfr  id 
Cr(!«k  find  Philoiophv.  Owens  P^llcgc,  M(inchMt*r.  189«-I!»03;  AMistunt 
Examinar  to  Umv«r«ily  of  Wftl«>,  1S91)-1S03;  (Inwn  Moral  Pliiloaophy  Prtxe> 
man.  Oxford.  1800;  Fratlilaetiam  ProteMor  of  Philosopliv,  McGill  Uiii- 
venity.  IWI»-;  Member  Phifosaphiral  Socirty,  Owenii  Collfge.  American 
PhiloAophical  AsMocialton.  Author  of  The  Pnbtem  of  Condnet;  BUvunU  of 
Metaph^nca.] 

When  we  spck  to  determine  the  place  of  metaphysics  in  the  gen- 
eral scheme  of  human  knonrledfre.  we  are  at  once  confronted  by  an 
initial  difficulty  of  some  maeriitude.  There  seems,  in  fact,  (o  be  no 
one  universally  accepted  definition  of  our  study,  and  even  no  very 
general  consensus  among  ita  votaries  as  to  the  pToblema  with  which 
the  metaphysician  ouRht  to  concern  himself.  This  difficulty,  serious 
as  it  is.  does  not,  however,  jusMfy  the  suspicion  that  our  science  is, 
like  alchemy  or  astrology,  an  illusion,  and  its  high-sounding  title 
ft  mere  ''idol  of  the  market-place."  one  of  those  nomina  rerum  quat 
non  «uni  against  which  the  Chancellor  Bacon  has  so  eloquently 
warned  mankind.    If  it  is  hard  to  determine  precisely  the  aoope  of 
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inetaphyfflcs,  it  is  no  leea  difficult  to  do  the  same  thing  for  the  un- 
doubtedly legitimate  sciences  of  logic  and  matheraatica.  And  in  all 
three  cases  the  absence  of  definition  merely  shows  that  we  are  deal- 
ing with  branches  of  knowledge  which  are,  so  to  say,  still  in  the 
making.  It  is  not  until  the  first  principles  of  science  arc  already 
firmly  laid  beyond  the  possibility  of  cavil  that  we  must  look  for 
general  agreement  as  to  its  boundary  lines,  though  excellent  work 
may  be  done,  long  before  thia  point  has  been  reached,  in  the  eatab- 
lishmcnt  of  individual  principles  and  deduction  of  consequencea 
from  them.  To  revert  to  the  parallel  oases  1  have  just  cited,  many 
mathematical  principles  uf  the  hi[;hest  importanire  arc  formulate  in 
the  Elements  of  Euclid,,  and  many  logical  principles  in  the  Orgtmon^ 
of  Aristotle;  yet  it  is  only  in  our  own  time  that  it  bas  become  possible 
to  offer  a  general  definition  either  of  logic  or  of  mathematics,  and. 
even  now  it  would  probably  Ije  true  to  say  that  the  majority  of  ^ 
logicians  and  matliematicians  trouble  themselves  very  little  about 
the  precise  definition  of  their  respective  studies. 

The  state  of  our  science  then  compels  me  to  begin  this  adc 
with  a  more  or  leas  arbitrary,  because  provisional,  dcfiaition  of  the 
term  metaphyalca,  for  which  I  claim  no  more  than  that  it  may  sen'e 
to  indicate  with  approximate  accuracy  the  class  of  problems  which 
I  shall  have  in  view  in  my  subsequent  use  of  the  word,  fiy  meta> 
physics,  then,  I  propose  to  understand  the  inquiry  which  used 
formerly  to  be  known  as  ontology,  that  is,  the  investigation  into  the 
general  character  which  belongs  to  real  Being  as  such,  the  science,  in 
Aristotelian  phraseolog)',  of  orra  g  Syra,  Or,  if  the  term  "real"  be 
objected  against  as  ambiguous,  I  would  suggest  as  an  alternative 
account  the  statement  thai  metaph>-&ics  is  the  inquir>'  into  the  general 
character  by  which  the  content  of  Irue  assertions  is  distinguished 
from  that  of  falte  assertions.  The  two  definitions  here  offered  will, 
I  tliink,  be  found  equivalent  when  it  is  borne  in  mind  that  what  iho 
second  of  them  speaks  of  is  exclusively  the  conlent  which  is  asserted 
as  true  in  a  true  proposition,  not  the  process  of  true  assertion,  wliich, 
hke  all  other  processes  in  the  highest  cerebral  centres,  falb  under 
the  consideration  of  the  vastly  different  sciences  of"  psychology  and 
cerebral  physiology.  Of  the  two  equivalent  forma  of  statement,  the 
former  has  perhaps  the  advantage  of  making  it  most  clear  that  it 
is  ultimately  upon  the  objective  distinction  between  the  reality  and 
the  unreality  of  that  which  is  asserted  for  truth,  and  not  upon  any 
psychological  peculiarity  in  the  process  of  assertion  itself  that  the 
distinction  between  true  and  untrue  rests,  while  the  second  may  be 
useful  in  guarding  against  misconceptions  that  might  be  suggested 
by  too  narrow  an  interpretation  of  the  term  "  reality,"  such  as,  #.  g., 
the  identification  of  the  "  real "  with  what  is  revealed  by  sensuoQs 
perception. 
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From  the  acceptance  of  such  a  definition  two  important  conae- 
quences  would  follow.    (I)  Tim  first  JB  that  metaphj'sics  13  at  ouoe 
diarply  dtHcriininaled  froui  any  study  of  the  psychiral  proeeiu  of 
knowledge,  if  indeed,  there  can  be  any  such  study  distinct  from  the 
psychology  of  conception  and  belief,  which  is  clearly  not  itself  the 
science  we  have  iti  view.  For  the  i)«ychological  laws  of  the  formation 
of  concepts  and  beliefs  arc  exemplified  equally  in  the  discovery  and 
propagation  of  truth  and  of  error.    And  thug  it  h  in  vidn  to  look  to 
them  for  any  explanation  of  the  difference  between  llie  two.    Nor 
does  the  otherwise  promising  extraision  of  Darwinian  conceptions 
of  the  "stru^le  for  existence"  and  the  "suirival  of  the  fittest" 
to  the  field  of  opinions  and  convictiona  appear  to  affect  this  con- 
clusion.    Such  considerations  may  indeed  assist  us  to  understand 
how  true  convictions  in  ^rtue  of  their  ' '  usefulness  "  gradually  come 
t-o  be  catablifilied  and  extended,  but  they  require  to  presume  the 
truth  of  these  convicUons  as  an  antecedent  condition  of  their  "  use- 
fulnees"  and  consequent  establishment.    I  should  infer,  then,  that 
it  ifl  a  mistake  in  principle  to  seek  to  replace  ontology  by  a  "  theory 
of  knowledge,"  and  should  even  be  inclined  to  question  the  very 
poflsbility  of  such  a  theory  as  distinct  from  metaphysics  on  the  one 
hand  and  empirical  p&ycholog>-  on  the  other.    (2)  The  second  con- 
sequence is  of  even  greater  importance.    The  inquiry  into  the  gen- 
eral character  by  which  the  contents  of  true  assertions  are  discrim- 
inated from  the  contents  of  false  assertions  must  be  carefully  dis- 
tinguished from  any  investigatioa  into  the  truth  or  falsehood  of 
special  assertions.  To  ask  how  in  the  end  truth  differa  from  falsehood 
is  to  raise  an  entirely  different  problem  from  that  created  by  asking 
whether  a  given  statement  is  to  be  regarded  as  true  or  false.  The  dis- 
tinction becomes  particularly  important  when  we  have  to  deal  with 
what  Locke  would  call  u^tsertiuns  of  "  real  existence,"  i.  r,  assertions 
as  to  the  occurrence  of  partioidar  events  in  the  temporal  order.   All 
such  assertions  depend,  in  part  at  least,  upon  the  admission  of  what 
we  may  style   "empirical"  evidence,  the  immediate  unanalyzed 
witness  of  simple  apprehension  to  the  occurrence  of  an  alleged 
matter  of  fact.   Thus  it  would  follow  from  our  proposed  conception 
of  metaphysics  that  metaphysics  is  in  principle  incapable  either  of 
establishing  or  refuting  any  assertion  as  to  the  details  of  our  immedi- 
ate experience  of  empirical  fact,  though  it  may  have  important  bear- 
ings upon  any  theor>'  of  the  general  nature  of  true  Being  which  we 
may  seek  to  found  upon  our  alleged  experiences,   in  a  word,  if  our 
conception  be  the  correct  one,  the  functions  of  a  science  of  meta- 
pbyace  in  respect  of  our  knowledge  of  the  temporal  sequence  of 
events  psychical  and  physical  must  be  purely  critical,  ne\'er  con- 
structive, —  a  point  to  which  I  shall  presently  have  to  recur. 
One  more  general  reflection,  and  we  may  pass  to  the  con«deratiun 
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of  the  relation  of  metaphysics  to  the  various  already  orgaiizied 
branches  uf  humau  knowledge  more  in  detail.  The  admission  that 
there  is,  or  may  be,  such  a  study  as  wc  have  described,  seems  of  itself 
to  iDvulve  the  reoognitton  that  defimtc  knowledge  about  the  character 
of  what  really  "  a, "  is  attainable,  and  thus  to  conunit  us  to  a  positioa 
of  sharp  opposition  both  to  consistent  and  thorough-going  agnoe- 
lictsin  and  also  to  the  latent  agnosticism  of  Kantian  ami  neu-Kartt- 
iao  "critical  philosophy."  In  recognizing  ontology  as  a  lefptimate 
investigution,  wo  revert  in  principle  to  the  "dogmatist"  posiUoa 
oomnion.e.i/.,  to  Plato,  to  Spinoza  and  to  Leibniz,  that  there  is  genu- 
ine truth  which  can  be  known,  and  that  this  genuine  truth  ia  not 
confined  to  slalements  about  the  process  of  knowing  itself.  Id 
fact,  the  "critical"  view  that  the  only  certain  truth  is  truth  about 
the  process  of  knowing  seems  to  be  inherently  self-contradictory. 
For  the  knowledge  that  such  a  proposition  as,  e.  g.,  "I  know  only 
the  laws  of  my  own  apprehending  activity^ "  is  true,  would  itself  be 
knowledge  not  about  the  process  of  knowing  but  about  the  content 
known.  Thus  metaphysics,  conceived  as  the  science  of  the  general 
character  which  distinguishes  truth  from  falsehood,  presupposes 
throughout  all  knowledge  the  presence  of  what  we  may  call  a  "  tran- 
scendent object,"  that  is,  a  content  which  is  never  identical  with 
the  process  by  which  it  is  apprehended,  though  it  may  no  doubt  be 
maintained  that  the  t^vo,  the  process  and  its  content,  if  distinct,  are 
yet  not  ultimately  separable.  That  they  arc  in  point  of  fact  not 
ultimately  separable  would  seem  to  be  the  doctrine  which,  under 
various  forms  of  statement,  is  common  to  and  characteristic  of  aU  the 
"  idealistic  "  s>-stems  of  metaph,i,'sies.  Bo  much  then  in  defense  of  a 
metaphysical  point  of  view  which  seems  to  be  closely  akin  to  tfas 
of  Mr.  Bradley  and  of  Professor  lioyce,  to  mention  only  two  namoB^ 
of  contemporary  philosophers,  and  which  might,  I  think,  for  the 
purpose  of  putting  it  in  sharp  opposition  to  the  "neo- Kantian" 
view,  not  unfairly  be  called,  if  it  is  held  to  need  a  name,  "oeo* 
Leibniz  ian." 

In  passing  on  to  discuss  in  brief  the  nature  of  the  boundary  line 
which  divide  metaphysics  from  other  branches  of  study,  it  seeme"' 
necessary  to  start  with  a  clear  distinction  between  the  "pure"  or 
"formal"  and  the  "applied"  or  "empirical"  sciences,  the  more  so 
as  in  the  loose  current  employment  of  language  the  name  "  science  " 
is  frequently  given  exclusively  to  the  tatter.  In  every-djiy  life,  when 
we  are  told  that  a  certain  person  is  a  "man  of  science."  or  as  the 
detestable  jargon  of  our  time  likes  to  say,  a  "  scientist. "  we  expect  to 
Gnd  that  he  is.  e.  jr..  a  geologist,  a  chemist,  a  biologist,  or  an  electrician. 
We  should  be  a  little  surprised  to  find  on  inquiry  that  our  "  man  of 
science"  was  a  pure  mathematician,  and  probably  more  than  a  little 
to  learn  that  he  was  a  formal  lofpctao.  The  tUetioction  between  the 
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pure  and  the  empirical  science*  may  be  roughly  indicated  by  saying 
that  the  latter  class  comprises  all  those  sciences  which  j-ield  infor- 
maUon  about  the  part-iciilsr  details  of  the  temporal  order  of  events 
physical  and  psychical ,  whereas  the  pure  Bciencefl  deal  solely  with  the 
general  charocteristica  cither  of  all  truths,  or  of  all  truths  of  some 
well-defined  class.    More  exactly  we  may  say  that  the  marks  by 
which  an  empirical  in  distinguished  from  a  pure  science  are  two. 
(1)  The  empirical  sciences  one  and  all  imply  the  presence  among 
their  premises  of  empirical  propositions,  that  is,  propositions  which 
assert  the  actual  occurrence  of  ^tomc  temporal  fact,  and  depend  upon 
the  witness  of  immediate  apprehension,  either  in  the  form  of  sense- 
perception  or  in  that  of  what  is  commonly  called  self-consciousness. 
In  the  vague  language  made  current  by  Kant,  they  Involve  an  appeal 
to  some  form  of  unanalyzcd  "intuition."    The  pure  sciences,  on  the 
other  hand,  contain  no  empirical  propositions  cither  among  their  pre- 
mises or  their  conclusion.*!.    The  principles  which  form  their  premises 
are  sclf-cvidenlly  true  propositions,  containing  no  reference  lo  the 
actual  occurrence  of  any  e^*ent  in  the  temporal  order,  and  thus  in- 
volving no  appeal  to  any  form  of  "intuition."   And  the  conclusions 
established  in  a  pure  science  are  all  rigidly  logical  deductionii  from 
sueh  self-evident  premises.  That  the  universality  of  this  distinction 
is  stiU  often  overlooked  even  by  professed  writere  on  scientific  method 
seems  explicable  by  two  simple  conaiderntions.   On  the  one  hand,  it 
is  essy  to  overlook  the  important  distinction  between  a  principle 
which  is  self-evident,  that  is,  which  cannot  be  denied  without  explicit 
falsehood,  and  a  proposition  affirmed  on  the  warrant  of  the  senses, 
because,  though  its  denial  cannot  be  seen  to  be  obviously  false, 
the  senses  appear  on  each  fresh  appeal  to  substantiate  the  asser- 
tion.  Thus  the  Euclidean  postulate  about  parallels  was  long  falsely 
supposed   to   possess   exactly  the  same   kind   of  self-evidence  as 
the  dictum  de  omni  and  the  principle  of  identity  which  are   part 
of  the  foundations  of  all  logic.     And  further  Kant,  writing  under 
the  influence  of  this  very  confusion,  has  given  wide  popularity  to 
the  view  that  the  best  known  of  the  pure  scienees,  that  of  mathe- 
matics, depends  upon  the  admiession  of  empirical  premises  in  the 
form  of  an  appeal  to  intuition  of  the  kind  just  described.  Fortunately 
the  recent  developrnenls  of  arithmetic  at  the  hands  of  stich  men 
as  Weierstraas,  Cantor,  and  Dedekind  seem  to  have  definitely  refuted 
the  Kantian  view  as  far  as  general  arithmetic,  the  pure  science  of 
number,  is  concerned,  by  proving  that  one  ami  all  of  its  propositions 
are  amUytie  in  the  strict  sense  of  the  word,  that  is,  that  they  are 
eapable  of  rigid  deduction  from  self-evident  premises,  so  that,  in 
what  regards  arithmetic,  we  may  say  with  Schroder  that  the  famous 
Kantian  question  "how  are  synthetic  judgments  a  priori  possible?" 
is  now  known  to  be  meaningless.   As  regards  geometry,  the  case  ap- 
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pe&re  to  a  non-mathematician  like  myself  more  doubtful.  Thoeel 
who  hold  with  Schroder  that  geometry  essentially  involveSj  as  K&nt 
thought  it  did,  an  appeal  to  principles  not  self-evident  and  depend- 
ent upon  an  appeal  to  aensuoud  "intuition,"  are  logically  bound 
to  conclude  with  him  that  geometry  is  an  "  empirical,"  or  as  W.  K. 
Clifford  called  it,  a  "physical"  science,  different  in  no  way  from 
mechanics  except  in  the  relative  paucity  of  the  empirical  premiseBj 
presupposed,  and  tu  class  it  with  the  appUctl  sciences.  On  the  other 
hand,  if  Mr.  Bertrand  Russell  should  bo  successful  in  his  promised 
demonstration  that  all  the  principles  of  geometry  arc  deducible  from 
a  few  premises  which  include  nothing  of  the  nature  of  an  appeal  to 
sensuous  diagrams,  geometry  too  would  take  its  place  among  the 
pure  Bciencee,  but  only  on  condition  of  our  recognizing  that  ita 
truths,  like  those  of  arithmetic,  arc  one  and  all,  as  Leibniz  held, 
strictly  analytical.  Thus  wc  obtain  as  a  first  distinction  between  the 
pure  and  the  empirical  sciences  the  principle  that  the  propoaitious 
of  the  former  class  are  all  analytical,  those  of  the  latter  all  synthetic. 
It  is  not  the  least  of  the  serx'iccs  which  France  is  now  rendering  to 
the  study  of  philosophy  that  we  are  at  last  being  placed  by  the 
labors  of  M.  Coutnrat  in  a  position  to  appreciate  at  their  full  worth 
the  views  of  the  first  and  greatest  of  Germaa  philosophers  on  thib 
distinction,  and  to  undenitand  how  marvflously  they  have,  been 
confirmed  by  the  subsequent  hitttorj'  of  mathematics  and  of  logic. 

(2)  A  consequence  of  this  distinction  is  that  only  the  pure  or 
formal  sciences  can  be  matter  of  rigid  logical  demonstration.    Sine 
the  empirical  or  ajiplied  sciences  one  and  all  contain  emptrii-al  pr»-1 
misee,*.  e.,  premises  which  we  admit  as  true  only  because  they  have 
always  appeared  to  be  confirmed  by  the  appeal  to  "intuition," 
and  not  because  the  denial  of  them  can  be  showa  to  lead  to  false- 
hood, the  conclusions  to  which  they  conduct  us  must  one  and 
depetid,  in  part  at  least,  upon  induction  from  actual  observation  otl 
particular  temporal  sequences.   This  is  as  much  as  to  say  that  allj 
propositions  in  the  applied  sciencee  involve  somewhere  in  the  course] 
of  the  reasoning  by  wbicli  they  are  established  the  appeal  to  the 
calculus  of  Probabilities,  which  is  our  one  method  of  eliciting  general 
results  from  the  statistics  supphed  by  observation  or  experiment. 
That  this  is  the  case  with  the  more  concrete  among  such  applic 
sciences  has  long  been  universally  acknowledged.    That  it  is  no  Ie«1 
true  of  sciences  of  such  wide  range  as  mechanics  may  be  said,  I 
think,  to  have  been  definitely  established  in  our  own  day  by  the 
work  of  such  eminent  ph>-8iciets  as  Kirchhoff  and  Mach.    In  fact, 
the  recent  developments  of  the  science  of  pure  number,  to  which 
reference  has  been  made  in  a  preceding  paragraph,  combined  with 
the  creation  of  the  "descriptive  "  theory  of  mechanics,  may  fairly 
be  »aid  to  have  finally  vindicated  the  dJatlnction  drawn  by  Leibnix 
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long  ago  between  the  truths  of  reason  and  the  trutlin  of  empirical 
fact,  a  (listinctioii  which  the  Kantian  trend  of  philosophical  «]>ecu- 
lation  tended  duiing  the  greater  part  of  the  nitieteenth  century  to 
obscure,  wliile  it  was  absolutely  ignored  by  Ihp  empiricist  opponents 
of  tnetaphysica  both  in  England  and  in  Germany.  The  phitoRopb- 
ical  conacqucnces  of  a  revival  of  the  distinction  are,  I  conceive,  of 
far-reaching  importance.  On  the  one  side,  recognition  of  the  em- 
pirical and  contingent  character  of  all  general  propositions  estab- 
lished by  induction  appears  absolutely  fatal  to  the  current  mechan- 
istic conception  of  the  universe  as  a  realm  of  purposeless  sequences 
unequivocally  deteroiined  by  unalterable  "laws  of  nature,"  a  result 
which  has  in  recent  years  been  admirably  illustrated  for  the  Eng- 
lish-speaking world  by  Professor  Ward's  well-known  Gifford  lectures 
on  "Naturalism  and  Agnosticism."  Laws  of  physical  natm^e.  on  the 
cmpiristic  view  of  applied  science,  can  mean  no  more  than  observed 
regularities,  obtained  by  the  application  of  the  doctrine  of  chances, 
—  regularities  which  we  are  indeed  justified  in  accepting  with  con- 
fidence as  the  basis  for  calculation  of  the  future  course  of  temporal 
sequence,  but  which  we  have  no  logical  warrant  for  treating  as  ulti- 
mate truths  about  the  fmal  constitution  of  things.  Thus,  for  exam- 
ple, take  the  common  assumption  that  our  physical  environment 
is  composed  of  a  multitude  of  particles  each  in  every  respect  the 
exact  counterpart  of  everj'  other.  Keflection  upon  the  nature  of 
the  evidence  by  which  this  conclusion,  if  supported  at  all,  has  to 
be  supported,  should  convince  us  that  at  moat  all  that  tbe  state- 
ment ought  to  mean  is  that  individual  differences  between  tbe  ele- 
mentarj'  constituents  of  the  physical  world  need  not  be  allowed 
for  in  devising  practical  formulae  for  the  intelhgent  anticipation  of 
events.  When  tlie  proposition  is  put  forn'ord  as  an  absolute  truth 
and  treated  as  a  reason  for  denying  the  ultimate  spirituality  of  the 
world,  we  arc  well  within  our  rights  in  declining  the  consequence 
on  the  logical  ground  that  conclusions  from  an  empirical  premise 
must  in  their  own  nature  be  themselves  empirical  and  contingent. 
On  the  other  baud,  the  extreme  empiricism  which  treats  all  know- 
ledge whatsoever  as  merely  relative  to  the  total  psychical  slate 
of  the  knower,  and  therefore  in  the  end  problematic,  must,  I  appre- 
hend, Ro  down  before  any  serious  investigation  into  the  nature  of 
the  analytic  truths  of  arithmetic,  &  consequence  which  seems  to  be 
of  some  relevance  in  connection  with  the  philosophic  ^iew  popularly 
known  as  Pragmatism.  Thus  I  should  look  to  the  coming  regeneration 
of  metaphysics,  of  which  there  arc  so  many  signs  at  the  moment,  on 
the  one  hand,  for  emphatic  insistence  on  the  right,  e.  g.,  of  physics 
and  biology  and  psychology  to  be  treated  as  purely  empirical 
sciences,  and  as  such  freed  from  the  last  vestiges  of  any  domination 
by  metaphysical  presuppositions  and  foregone  conclusions,  «nd  on 
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the  other,  for  an  equally  sBlutary  purgation  of  formal  studies  like 
logic  and  arithmetic  from  the  taint  of  corruption  by  the  irrelevant 
intrusion  of  considerations  of  empirical  psychology. 

We  cannot  tuu  persistently  bear  in  mind  that  there  is.  correspond- 
ing to  the  lugicui  tiisliuction  between  the  analytic  and  the  sj'nthetic 
[vopuaition,  a  deep  and  broad  general  difference  between  the  wants 
of  our  nature  iiiiniHlen-d  to  by  the  formal  and  the  appHcd  scienuea 
respectively.  The  formal  sciences,  incapable  of  adding  anything  to 
our  detailed  knowledge  of  the  course  of  events,  as  we  have  seett, 
enlighten  ua  solely  as  to  the  gen«^  lawa  of  intercoDiiection  by  which 
all  conceivable  systems  of  true  assertions  are  permeated  and  bound 
together.  In  a  different  cxmiiection  it  would  be  interesting  to  de- 
velop further  the  reflection  that  the  necessity  of  appealing  to  such 
formal  pnnciplcs  in  all  reasoning  about  empirical  matters  of  fact 
contains  the  cxpUwatinn  of  the  famous  Platonic  assertion  that  the 
"Idea  of  Good"  or  supreme  principle  of  organization  and  order  in 
the  universe,  is  itself  not  an  existent,  but  something  in  iirixum  njt 
(rftTMtt,  "transcending  even  existence,"  and  the  very  similar  declara- 
tion of  Hcgel  that  the  question  whether  "God"  — iu  the  sense  of 
such  a  supreme  principle  —  exists  is  frivolous,  inasmuch  as  existence 
{Dasein)  is  a  category  entirely  inadequate  to  express  the  Divine 
nature.  For  my  present  purpose  it  is  enough  to  remark  that  the 
need  to  which  the  formal  sciences  minister  is  the  demand  for  that 
purely  speculative  satisfaction  which  arises  from  insight  into  the 
order  of  interconnection  between  the  \*arious  truths  which  compose 
the  totality  of  true  knowledge.  Hence  it  seems  a  oustuke  to  say,  as 
8ome  theorists  have  done,  that  were  w^e  bom  with  a  complete  know- 
ledge of  the  course  of  temporal  se^iuenccs  throughout  the  universe, 
and  a  faultle&s  memory,  we  should  have  no  need  of  logic  or  mcta- 
ph)'6ics,  or  in  fact  of  inference.  For  even  a  mind  already  in  posseasioo 
of  all  true  propositions  concerning  the  course  of  events,  would  still 
lack  one  of  the  re([uisites  fur  complete  intellectual  satisfaction 
unleea  it  were  also  aware,  not  only  of  the  individual  truths,  but  of 
the  order  of  their  interdependence.  What  Aristotle  said  long  ago 
with  reference  to  a  particular  instance  may  be  equally  said  univers- 
ally of  all  our  empirical  knowledge*;  "eveo  if  we  stood  on  the 
moon  and  saw  the  earth  intercepting  the  light  of  the  sun,  we  should 
still  have  to  ask  for  the  reason  tchy."  The  purposes  ininialered  to 
by  the  empirical  sciences,  on  the  other  hand,  always  include  some  re- 
ference to  the  actual  manipulation  in  advance  by  human  agency  of 
the  stream  of  events.  We  study  mechanics,  for  inatanre,  not  men^ly 
that  we  may  pcrodve  the  interdependence  of  truths,  but  that  wa 
may  learn  how  to  maintain  a  system  of  bodies  in  eqiiiUbrium.  or  how 
to  move  masses  in  a  given  direction  with  a  gi^^n  momentum.  Hence 
it  is  true  of  applied  science,  though  untrue  of  science  as  a  whole,  that 
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dt  would  become  useless  if  the  whole  past  and  future  courae  of  cveatfl 
vere  from  the  first  familiar  to  us.  And,  incidentaUy  it  may  be  ob- 
served, it  is  for  the  same  reason  untrue  of  inference,  though  true  of 
inductive  infcreocc,  that  it  is  essentially  a  passage  from  the  known 
to  the  imknown. 

In  dealing  with  the  rcUition  of  metapbysica  to  the  formal  sciences 
geaer&Uy,  the  great  difficulty  which  confronts  us  is  that  of  determin- 
ing exactly  the  boundaries  which  separate  one  from  another.  jVuioug 
tuch  pure  sciences  we  have  by  uoiversol  admission  to  include  at 
least  two,  pure  formal  logic  and  pure  mathematics,  as  distinguished 
from  the  special  applications  of  logic  and  mathematics  to  an  empiri- 
cal material.  Whether  we  ought  also  to  recognize  ethics  and  esthet- 
ics, in  the  sense  of  the  general  determination  of  the  nature  of  the 
good  and  the  beautiful,  as  non-empirical  sciences,  seems  to  be  a  more 
difficult  question.  It  seems  clear,  for  iuataDce,  that  ethical  discus- 
sions, such  as  bulk  !>o  largely  in  our  contemporary  literature,  as  to  what 
is  the  right  couree  of  conduct  under  various  conditions,  are  concerned 
throughout  with  an  empirical  material,  namely,  the  existing  pecu- 
liarities of  human  nature  as  we  find  it, and  must  therefore  ber^arded 
a»  caj>able  only  of  an  empirical  and  therefore  problematic  solution. 
Accordingly  1  was  at  one  time  myself  tempted  to  regard  ethics  aa 
ft  purely  empirical  science,  and  even  published  a  lengthy  treatise 
in  defense  of  that  point  of  view  and  in  opposition  to  the  whole 
Kantian  conception  of  the  possibility  of  a  constructive  MetajAysik 
der  Sitien.  It  seems,  however,  poaaibb  to  hold  that  in  the  question 
"What  do  we  mean  by  good?"  as  distinguished  from  the  question 
*'  What  in  particular  is  it  right  todo?  "  there  is  no  more  of  a  reference 
to  the  empirical  facts  of  human  psychology  than  in  the  question 
"What  do  we  mean  by  truth?"  and  that  there  must  therefore  be 
a  non-empirical  answer  to  the  problem.  The  same  would  of  course 
hold  eqvially  true  of  the  question  "What  is  beauty?"  If  there  are, 
however,  such  a  pure  science  of  ethics  and  again  of  esthetics,  it 
must  at  least  be  allowed  that  for  the  most  part  these  sciences  are 
•till  undiiwovered.and  that  the  ethical  and  testhetical  results  hitherto 
established  are  in  the  main  of  an  empirical  nature,  and  this  must 
be  my  excuse  for  confining  the  remarks  of  the  next  two  paragraphs 
to  the  two  great  pure  sciences  of  which  the  general  principles  may 
be  taken  to  be  now  In  large  measure  known. 

That  metaphj-sicst  and  logic  should  sometimes  have  been  absolutely 
idcntifiefl,  as  for  instance  hy  Hegel,  will  nnt  surprise  us  when  we 
consider  how  hard  it  becomes  on  the  view  here  defended  to  draw  any 
hard  and  fast  boundary  line  between  them.  For  metaphysics,  accord- 
ing to  this  conception  of  its  scope,  deals  with  the  formulation  of  the 
self-evident  principles  implied,  in  there  being  such  a  thing  as  truth 
and  the  deductions  which  these  principles  warrant  us  in  drnwing. 


238 


MFTAPHYSTCS 


Thus  it  might  be  fairly  said  to  be  the  supreme  science  of  order,  arid 
it  would  not  be  hard  to  show  that  all  the  special  questioDs  commonly 
included  in  its  range,  as  to  the  nature  of  space,  time,  causation,  con- 
tinuity, and  so  forth,  are  all  branches  of  the  general  question,  ho^ 
many  types  of  order  among  concepts?  are  there,  and  what  is  tbcir 
nature.  A  completed  metaph^-slcs  would  thus  appear  as  the  realiza- 
tion of  Plato's  splendid  conception  of  dialectic  as  the  ultimate  reduc- 
tion of  the  contents  of  knowledge  to  order  by  their  continuous  de- 
duction from  a  supreme  principle  (or,  we  may  add,  principles).  Now 
auoh  a  view  seems  to  make  it  almost  impossible  to  draw  any  ulti- 
mate distinction  betn'ecn  logic  and  metaph>'8ics.  For  logic  is  strictly 
the  science  of  the  mutual  implication  of  projweitJons,  aa  we  see  as 
soon  as  we  carefully  exclude  from  it  all  psychological  accretions.  In 
the  question  what  arc  the  conditiona  under  which  one  proposition 
or  group  of  propositions  imply  another,  we  exhaust  the  whole  scope 
of  logic  pure  and  proper,  aa  distinguished  from  its  various  empirical 
applications.  This  is  the  important  point  which  is  so  commonly 
forgotten  when  logic  is  defined  aa  being  in  some  way  a  study  of  "  psy- 
chical processes,"  or  when  the  reference  to  the  presence  of  "minds" 
in  which  propositions  exist,  is  intended  into  logical  science.  We  can- 
not  too  strongly  insist  that  for  logic  tbe  question  so  constantly  raised 
in  a  multitude  of  text-books,  what  processes  actually  take  place  when 
we  pass  from  the  assertion  of  the  premises  to  the  assertion  of  the 
conclusion,  is  an  irrelevant  one,  and  that  the  only  logical  problem 
raised  by  inference  is  whether  the  assertion  of  the  premises  as  true 
warranto  the  further  assertion  of  the  conclusion,  supposing  it  to  be 
made.  (At  the  risk  of  a  littledigressiun  I  cannot  help  pointing  out  that 
the  confusion  between  a  logical  and  a  psychological  problem  is  com- 
mitted whenever  we  attempt,  as  is  so  often  done,  to  make  the  self- 
evidence  of  a  principle  identical  with  our  psychological  inability  to 
believe  the  contradictory.  From  tlie  strictly  logical  point  of  view, 
all  that  is  to  be  sbid  about  the  two  sides  of  such  an  ultimate  contra- 
diction ia  that  the  one  is  tnio  and  the  other  is  false.  Whether  it  is 
or  is  not  possible,  as  amatter  of  peyohical  fact  for  me  to  aflirm  with 
equal  conviction,  both  sides  of  a  contradiction,  knowing  that  I  am 
doing  so,  is  a  question  of  empirical  psychology  which  is  possibly 
inaoluble,  and  at  any  rate  seems  not  to  have  received  from  the 
psychologists  the  attention  it  deaen'es.  But  the  logician,  so  far  as 
1  can  see,  has  no  interest  as  a  logician  in  its  solution.  For  him  it 
would  still  be  the  case  even  though  all  mankind  should  actually  and 
consciously  affirm  both  sides  of  a  given  contradiction,  that  one  of  the 
affinnations  would  be  true,  and  the  other  untrue.)  Logic  thus  seems 
to  become  either  the  whole  or  an  integral  part  of  the  science  of  order, 
and  there  remain  only  two  possible  ways  of  distinguishing  it  from 
metaphysics.   It  might  be  suggested  that  logical  order,  the  order  of 
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implication  hctwocn  truths,  is  only  one  epedes  of  a  wider  genus, 
order  in  general  by  the  side,  for  example,  of  spatial,  temporal,  and 
numerical  order,  and  thus  that  I(^c  is  one  subordinate  branch  of 
the  wider  science  of  metaphysics.  Such  a  view,  of  course,  implies 
that  there  arc  a  plurality  of  ultimately  independent  forma  of  order 
irreducible  to  a  single  tyjie.  Whether  this  is  the  case,  I  must  confess 
myself  at  present  incompetent  to  decide,  though  the  signal  succcos 
with  which  the  principles  of  number  have  already  been  deduced 
from  the  fundamental  definitions  and  axioms  of  symbolic  logic,  and 
number  itself  defined,  as  by  Mr.  Russell,  in  terms  of  the  purely  logical 
concept  of  class- relation,  seems  to  afford  some  presumption  to  the 
contrary.  Or  it  may  be  held  that  the  difference  is  purely  one  of  the 
degree  of  completeness  with  which  the  inquiry  into  order  is  pursued. 
Thus  the  ordinar,-  symbolic  logic  of  what  Schroder  has  called  the 
"identical  calculus,"  or  "  calculus  of  domains,"  consists  of  a  serica 
of  deductions  from  the  fundamental  concepts  of  class  and  number, 
identical  equality,  totality  or  the  "logical  1,"  zero  or  the  null-claas, 
and  the  three  principles  of  identity,  subsumption,  and  negation.  The 
moment  you  cease  to  accept  these  data  in  Oicir  totality  as  the  given 
material  for  your  science,  and  to  inquire  into  their  mutual  coherence, 
by  aaking  for  instance  whether  any  one  of  them  could  be  denied, 
and  yet  a  body  of  consistent  resiilts  deduced  from  the  rest,  your 
inquiry,  it  might  be  said,  becomca  metaphj-sics.  So,  again,  the  dis- 
cussion of  the  wcll-knon'n  contradictiona  which  arise  when  we  try  to 
apply  these  principles  in  their  entirety  and  without  modification  to 
olanes  of  classes  inst'Oad  of  classes  of  individuals,  or  of  the  problem 
nufled  by  Peano  and  Russell,  whether  the  assertions  "Socrates  is 
a  man"  and  "the  Greeks  are  men"  affinn  the  same  or  a  different 
relation  bct^veen  their  subject  and  predicate  (which  seems  indeed  to 
be  the  same  question  differently  stated),  would  generally  be  allowed 
to  be  metaphysical.  And  the  same  thing  seems  to  be  equally  true 
of  the  introduction  of  time-relations  into  the  interpretation  of  our 
symbols  for  predication  employed  by  Boole  in  his  treatment  of 
faypothcticals,  and  subsequently  adopted  by  his  successors  as  the 
foundation  of  the  "calculua  of  equivalent  statements." 

However  we  may  decide  such  questions,  we  eeeiu  at  least  driven 
by  their  existence  to  the  recognition  of  two  important  conclusioos. 
(1)  The  relation  between  logical  and  metaphysical  problems  is  so  close 
that  you  cannot  tn  consistency  deny  the  possibility  of  a  science  of 
metaphysics  unless  you  are  prepared  with  the  absolute  skeptic  to 
go  the  length  of  denying  the  possibility  of  logic  also,  and  reducing 
the  first  principles  uf  inference  to  the  level  of  formulae  which  have 
happened  liitherto  to  prove  useful  but  are,  for  all  we  know,  just  as 
likely  to  fail  us  in  future  application  as  not.  (Any  appeal  to  the 
dootriue  of  chances  would  be  out  of  place  here,  as  that  doctrine  ia 
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itaelf  based  on  the  very  principles  at  stalte.)  <2)  The  existonce  of 
fundamentfll  pmblpms  of  this  kind  which  remained  almost  or  wholly 
wnsnspcctoii  until  revealed  in  our  own  time  by  the  creation  of  a  science 
of  symbolic  logic  should  console  us  if  ever  we  arc  tempted  to  suspect 
that  metaphysics  is  at  any  rote  a  science  in  which  all  the  main  con- 
structive work  has  already  been  accomplished  by  the  great  thinkera 
of  the  past.  To  mo  it  appears,  on  the  contrary,  that  the  recent  enoi^ 
mous  developments  in  the  purely  formal  sciences  of  logic  and  mathe- 
matics, with  the  host  of  fundamental  problems  they  open  up.  give 
promise  of  an  approaching  era  of  fresh  speculative  constnietion 
which  bids  fair  to  be  no  leas  rich  in  results  than  any  of  the  great 
"golden"  periods  in  the  past  hiator>'  of  our  science.  Indeed,  but 
that  I  would  avoid  the  slightest  auspicion  of  a  desire  to  advertise 
personal  friends,  I  fancy  I  might  even  venture  to  name  some  of  tboae 
to  whom  we  may  reoaonably  look  for  the  work  to  be  done. 

Of  the  relation  of  metapbyaics  to  pure  mathematics  it  would  be 
impertinent  for  any  hut  a  trained  mathematician  to  say  very  much. 
I  must  therefore  be  content  to  point  out  that  the  same  ditbculty 
in  drawing  boundary  lines  meets  us  here  as  in  the  case  of  logic.  Not 
so  lonK  ago  this  dithculty  might  have  been  itcnnred,  aa  it  still  is  by  too 
many  writereoii  the  philosophy  of  science.  Until  recently  mutheniat  ica 
would  have  lieen  thought  to  be  adequately  defined  as  the  science  of 
numerical  and  quantitative  relations,  and  adequately  distinguished 
from  metaphysiea  by  the  non-<iuantitative  and  non-numerical  ohar- 
aoterof  the  tatter,  though  it  would  probably  have  been  admitted  that 
the  problem  of  the  definition  of  quantity  and  number  themselves  is 
B  inetaphyHieul  one.  But  in  the  present  state  of  our  knowledge  wulh 
an  account  seems  doubly  unsatisfactoiy.  On  the  one  hand,  we  have 
to  recognize  the  existence  of  branches  of  mathematics,  such  aa  the 
ao-called  descriptive  geometr>-,  which  are  neither  quantitative  nor 
numerical,  and,  on  the  other,  quantity  as  distinct  from  number  appoaxs 
to  play  no  part  in  mathematical  science,  while  number  itself,  thanl 
to  the  labors  of  such  men  as  Cantor  and  Dedekind.  scorns,  as  I  ha^ 
said  before,  to  be  known  now  to  be  only  a  special  type  of  order  in 
a  series.  Thus  there  appears  to  be  ground  for  rr^nling  M^rial  order 
uthe  fundamejitalcatcgory  of  mathematics,  an<l  we  are  thronn  back 
onoc  more  upon  the  diflioult  task  of  deciding  how  many  ultimately 
iRoduoible  types  of  order  there  may  Ih>  Wfnrc  wc  can  undertake  any 
preoiBC  discrimination  between  mathematical  and  metaphysial 
science.  However  we  may  regard  the  problem,  it  is  at  least  certain 
that  the  recent  researches  of  mathcmatieians  into  the  meaning 
such  concepts  as  continuity  and  intinityhave,  besides  opening  up  m 
metaphysical  problems,  done  much  to  transligure  the  familiar  ones, 
u  all  readers  of  Professor  Hoyce  must  be  aware.  For  instance  I 
imagine  all  of  us  here  prasent,  even  the  youngest,  were  brought  up  on 
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the  Aristotelian  doctriDe  that  there  is  and  can  be  no  such  thing  u  an 
actually  existinf!  in6nite  collection,  but  which  of  ua  would  care  to 
defend  (Imt  I  imi^-liunored  pudtiun  to-day?  Similarly  with  continuity 
all  of  us  were  probably  once  on  a  time  instructed  that  whereas  "  quan- 
Uty"  is  enntitiuouB,  number  is  esBentially  "discrete,"  and  is  indeed 
the  typical  iiiHl.iiiK'e  of  what  we  mean  by  the  non-continuous.  To-day 
wc  know  ihat  it  is  in  the  number-ecrica  that  we  have  our  one  certain 
and  familiar  int^tancc  of  a  perfect  continuum.  Htill  a  third  illustration 
of  the  [ransfonning  light  wliich  iu  thrown  upon  old  standing  meta- 
pbyucal  pu2zlos  by  the  increasing  formal  deveJopnicnt  of  matta^ 
maties  may  be  found  in  the  difficulties  attendant  upon  the  conception 
of  the  "infmilely  little,"  once  regarded  as  the  logical  foundation  of 
the  so-called  Differential  Calculus.  With  the  demonstration,  whwh 
may  be  found  in  Mr.  Kussell's  important  work,  that  "intinitesimal," 
'unlike  "infinite,"  is  a  purely  relative  term,  and  that  there  are  no 
iiifinitcnmal  real  numbers,  the  supposed  logical  significance  of  the 
concept  seems  Mmply  to  disappear.  Instances  of  tliin  kind  could  easily 
bo  multiplied  almost  indefinitely,  but  those  already  cited  should  be 
sufficient  to  show  how  important  arc  the  metaphysical  results  which 
.nay  bo  anticipated  from  contcm|)orary  mathematical  research,  and 
rhavr  grave  a  mistake  it  would  be  to  regard  exititin;;  melaphysieat  con- 
■truotion,  e.  g.,  that  of  the  Hegelian  8>'stem,  as  a<|pquate  in  principle 
to  th^  present  state  of  our  organized  knowledge.  In  fact,  all  t  he  mate- 
rials for  a  new  Kategoricnlehre,  which  may  l>e  to  the  knowledge  of  our 
day  what  Hegel's  Logic  was  to  that  of  eighty  years  ago.  appear  to  lie 
ready  to  hand  when  it  may  plcaec  Providence  to  send  us  the  mcta- 
physiciao  who  knon-g  how  to  avail  himself  of  them.  The  proof,  given 
einoe  this  address  was  delivered,  by  E.Zennelo,  that  every  asaein- 
Uage  con  be  well  ordered,  is  an  even  more  startling  illustration  of 
the  remarks  in  the  text. 

It  remains  to  say  something  of  the  relation  of  metaphysical  spocu- 
lation  to  the  various  sciences  which  make  use  of  empirical  premises. 
On  this  topic  I  may  be  allowed  to  be  oil  the  more  brief,  as  1  have  quite 
recently  expressed  my  views  at  fair  length  in  an  extended  treatise 
{Elemtntg  o}  Metaphysics,  Bks.  3  and  4),  and  have  nothing  of  conse* 
quence  to  add  to  what  has  been  there  said.  The  empirical  sciences, 
gs  previously  defined,  appear  to  fall  into  two  main  classes,  distin- 
lished  by  a  difference  which  corresponds  to  that  often  taken  in  the 

at  as  the  criterion  by  which  science  is  to  be  separutctl  fn>m  pliilo* 
•opby.  We  may  study  the  facts  of  temporal  sequence  either  with  a 
view  to  the  actual  control  of  future  sequences  or  with  a  new  to 
detecting  under  the  sequence  some  coherent  purpose.  It  is  in  the 
foimer  way  that  we  deal  with  facts  in  mechanics,  for  instance,  or  In 
chemistry,  in  the  latter  that  we  treat  them  when  we  study  history  for 
the  purpose  of  gaining  insight  into  national  aims  and  character.   We 


240 


METAPHYSICS 


may,  if  we  i^eose,  vritb  Professor  Royce,  distingiiish  the  two  attitudea 
toward  fact  as  tho  niUtude  respectively  of  description  And  of  appre- 
ciation or  evaluation.  Now  as  regards  the  descriptive  scicncca,  the 
poaitJon  to  which,  as  I  believe,  metaphynicianB  arc  more  and  mure 
tending  is  that  here  mctaphyRicA  hafl,  ntrictly  speaking,  no  right  at  all 
to  interfere.  Just  because  of  the  absence  from  metaphysics  itself  of  all 
empirical  premises,  it  can  be  no  bttsineaa  of  the  metaphysician  ta 
determine  whut  the  course  of  events  will  be  or  to  prescribe  to  the 
sciences  what  methods  and  hypotheses  they  shall  employ  in  the  work 
of  such  determination.  Within  these  ecicncca  any  and  every  hypothe- 
sis is  sufficiently  justified,  whatever  its  nature,  so  long  as  it  enables. 
UB  more  efBcietitly  than  any  other  to  perform  the  actunl  ta^k  of  calcu-' 
lation  and  prediction.  And  it  was  owing  to  neglect  of  this  caution 
that  the  Saturj}hiiosophie  of  the  early  nineteenth  century  speedily  feU 
into  a  disrepute  fully  merited  by  its  ignorant  presumption.  As  regards 
the  physical  sciences,  the  metaphysician  has  indeed  by  this  tima 
probably  learned  his  lesson.  We  ore  not  likely  to-day  to  re{>eat  the 
mistake  of  supposing  that  it  is  for  us  as  metaphysicians  to  dictate 
what  shall  be  the  physicist's  or  chemist's  dc6mtion  of  matter  or 
or  elementary  substance  or  euerpy,  or  how  he  sluiU  formulate  the 
laws  of  motion  or  of  chemical  composition.  Here,  at  any  rati:;,  we  can 
see  that  the  metaphysician's  work  is  done  when  bis  analysis  has  made 
it  clear  that  we  are  dealing  with  no  self-evident  truths  such  a^  th«j 
laws  of  number,  but  with  inductive,  and  therefore  problematic  andl 
proviaonal  results  of  empirical  assumptions  as  to  the  course  of  facte* 
assumptionfl  made  not  because  of  their  inherent  necessity,  but  beeaoaaj 
of  their  practieal  utility  for  the  special  task  of  calculation.  It  ia  only^ 
when  such  empirical  assumptions  are  treated  as  self-evident  axiome, 
in  fact  when  mechanical  science  gives  itself  out  as  a  mechanietio 
philosophy,  that  the  metaphysician  obtains  a  right  to  speak,  and  then 
only  for  the  purpose  of  showing  by  analysis  that  the  prceence  of  the 
empirical  postulates  which  is  characteristic  of  the  natural  sciences  of 
it«elf  excludes  their  erection  into  a  philosophy  of  first  principles. 

What  is  important  in  this  connection  is  that  wo  should  recognise 
quite  clearly  that  psychology  stands  in  this  respect  on  precisely  the 
same  logical  footing  as  physics  or  chemistry.   It  Is  tempting  to  sup- 
poee  that  in  psychology,  at  any  rate,  we  are  dealing  throughout  with 
absolute  certainties,  realities  which  "consciousness"  apprehetids  justj 
as  they  arc  without  any  of  that  artificial  acloction  and  oonstnictioa^ 
which,  as  we  are  beginning  to  see,  is  imposed  upon  the  study  of  physi- 
cal nature  by  the  limitations  of  our  purpose  of  submitting  the  ootirsfti 
of  events  to  calculation  and  manipulation.  And  it  is  a  na(  ural  coi 
quenco  of  this  point  of  view  to  infer  that  since  psychology  d( 
directly  with  realities,  it  must  be  taken  as  the  foundation  of  the  met 
physical  construe  tiuns  wliich  aim  at  undexstanding  the  general  obal 
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acter  of  the  real  as  siich.  The  consequence,  indeed,  disappears  at  once 
if  the  views  maintained  in  this  address  ns  to  the  intimate  relation  of 
metaphysics  and  logic,  and  the  radical  expulsion  from  logic  of  all 
discussion  of  mental  processes  ns  such,  be  admitted.  But  it  is  still 
important  to  note  that  the  premises  from  which  the  conclusion  in 
question  was  drawn  are  themselves  false.  We  must  never  allow  our- 
selves to  forget  that,  ns  the  ever-increasing  domination  of  psychology 
by  the  highly  artificial  methods  of  olworvation  and  experiment  intro- 
duced by  Fechncr  and  Wundt  is  daily  making  more  apparent, 
ps>'cholngy  Itself,  like  physics,  deals  not  directly  with  the  concrete 
realities  of  indivi<Uia)  experience,  but  with  an  abstract  selected  from 
that  expcrirnec,  or  rather  a  set  of  artificial  symbols  only  partially 
corresponding  with  the  realities  aymlmlized,  and  devised  for  the  spe- 
cial object  of  submitting  the  realm  of  mental  sequences  to  mathemat- 
ical calculation.  We  might,  in  fact,  have  based  this  inference  upon 
the  single  reflection  that  every  psychological  "law"  is  obtained,  like 
physical  laws,  by  the  statistical  method  of  elimination  of  individual 
peculioriliea,  oud  the  taking  of  an  average  from  an  extended  aeries 
of  measurements.  For  this  verj*  reason,  no  psychological  law  can 
possibly  describe  the  unique  realities  of  individual  experience.  We 
have  in  psyeholug>',as  in  the  physical  sciences,  the  duty  of  suspecting 
exact  correspondence  between  the  single  case  and  the  general  "  law  '* 
to  be  of  itself  proof  of  error  somewhere  in  the  course  of  our  computa- 
tion. These  views,  which  I  suppose  1  learned  in  the  first  instance  from 
Mr.  F,  H.  Bradley's  paper  called  A  Defmce  o}  Phenomcvaliitm  in 
Psychology,  may  now,  I  think,  be  taken  as  finally  esljiblifthwl  be>-ond 
doubt  by  the  exhau."!tive  analysis  of  Professor  Miinsterberg's  Orund- 
atge  der  Ptrychologie.  They  poasesa  the  double  advantage  of  freeing 
the  psychologist  once  for  all  from  any  interference  by  Ihe  meta- 
physician in  the  prosecution  of  his  proper  study,  and  delivering 
melaphyRics  from  the  danger  of  having  assumptions  whose  sole  justi- 
fication lies  in  their  utility  for  the  purpose  of  RtatLstiral  computation 
thrust  upon  it  as  self-evident  principles.  For  their  full  discumion  I 
may  perhaps  be  allowed  to  refer  to  the  first  three  chapters  of  ihc 
concluding  book  of  my  Elements  0}  Afriaphysias. 

When  we  turn  to  the  sciences  which  aim  at  the  appreeiation  or 
eraluation  of  empirical  fact,  the  case  seems  rather  different.  It  may 
fairly  be  regarded  as  incumbent  on  the  metaphysician  to  consider 
how  far  the  general  conception  be  has  formed  of  the  character  of 
reality  oan  be  substantiated  and  filled  in  by  our  empirical  knowledge 
of  the  actual  course  of  temporal  setjuence.  And  thus  the  way  seems 
to  lie  open  to  the  construction  of  what  may  fairly  be  called  a  Philo- 
sophy of  Nature  and  flistory.  For  instance,  a  metaphysician  who  has 
r^htly  or  wrongly  convinced  himself  that  the  univenie  can  only  be 
coherently  conceived  as  a  society  of  souls  or  wills  may  reasonably  go 
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on  to  ask  what  views  seem  best  in  accord  with  our  knowledge  of 
human  character  and  animal  intelligence  as  to  the  varj-ing  degrees  of 
organized  intelligence  manifested  by  the  members  of  such  a  hierarchy 
of  souls,  and  the  nature  and  amount  of  mutual  intercourse  between 
them.  And  again,  he  may  fairly  ask  what  general  way  of  conceiving 
what  we  loosely  call  the  inanimate  world  would  at  once  be  true  to 
ftmdamental  metaphysical  principles  and  free  from  disagreement 
with  the  actual  state  of  our  physical  hypotheses.  Only  he  will  need  to 
bear  in  mind  that  since  conclusions  on  these  points  involve  appeal 
to  the  present  results  of  the  inductive  sciences,  and  thus  to  purely 
empirical  postulates,  any  views  he  may  adopt  must  of  necessity  share 
in  the  problematic  and  pro\'isional  character  of  the  empirical  sciences 
themsel-ves,  and  can  have  no  claim  to  be  regarded  as  definitely  de- 
monstrated in  respect  of  their  detJiils.  I  will  here  only  indicate  very 
briefly  two  lines  of  inquiry  to  which  these  reflections  appear  appli- 
cable. The  growth  of  evolutionary  science,  with  the  new  light  it  haw 
thrown  upon  the  processes  by  which  useful  variations  may  lie  estab-' 
liahcd  without  the  need  for  presupposing  conscious  preexisting  design^ 
naturally  gives  rise  to  the  question  whether  such  unconscious  factors 
are  of  themaelves  sufficient  to  account  for  the  actual  eourae  of  devel- 
opment BO  far  as  it  can  be  traced,  or  whether  the  actual  historj'  of  the 
world  offers  instances  of  results  which,  so  far  as  we  can  see,  can  only 
have  issued  from  deliberate  design.  And  thus  we  seem  justified  in 
regarding  the  problem  of  the  presence  of  ends  in  Nature  as  an  intel- 
ligible and  legitimate  one  for  the  philosophy  of  the  future.  1  would 
only  suggest  that  such  an  inquiry  must  be  prosecuted  throughout  by 
the  same  empirical  methods,  and  with  the  same  consciousness  of  the 
provisional  character  of  any  conclusions  we  may  reach  which  would 
be  recognized  as  in  place  if  we  were  called  on  to  decide  whether  some 
peculiar  characteristic  of  an  animal  group  or  some  singular  social 
practice  in  a  recently  discovered  tribe  doea  or  does  not  indicate 
definite  purpose  on  the  part  of  breeders  or  legislators. 

The  same  remarks,  in  my  opinion,  apply  to  the  familiar  problems 
of  Natural  Theology*  relative  to  the  existence  and  acti\ity  of  such 
non-human  intelligences  as  are  commonly  imderstood  by  the  names 
"God  "or  "gods."  Hume  and  Kant,  as  it  seems  to  me,  have  definitely 
shown  betweeji  them  that  the  old-fashioned  attempts  to  demonstrate 
from  self-evident  principles  the  existence  of  a  supreme  perer>nal  intel- 
ligence as  a  condition  of  the  ver>-  being  of  truth  all  involve  unavoid- 
able logical  paralogisms.  I  should  ni>-seJf,  indeed,  be  prepared  to 
further,  and  to  say  that  the  conception  of  a  single  pereonality  as  the" 
ground  of  tnith  and  reality  can  be  demonstrated  to  involve  contra- 
diction, but  this  I  know  is  a  question  upon  which  annie  philosophers 
for  whom  I  enterinin  the  pmfoundest  respect  hold  a  contrary  opiniotuj 
The  moTV  modcet  question,  however,  whether  the  actual  courae 
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human  history  afforda  probable  ground  for  believing  in  the  activity 
of  one  or  more  non-human  personalities  ae  ageut«  in  the  development 
[of  our  species  I  cannot  but  think  a  perfectly  proper  subject  for 
[empirical  investigation,  if  only  it  be  borne  in  mind  that  any  conclusion 
'upon  such  a  point  ts  inevitably  affected  by  the  pro^nsinnal  character 
of  our  information  as  to  empirical  facts  themselves,  and  can  claim  in 
>nsequence  nothing  more  than  a  certain  grade  of  prol>ability.  With 
this  proviso,  I  cannot  but  regard  the  question  as  to  the  existence  of 
a  God  or  of  gods  as  one  upon  which  we  may  reasonably  hope  for 
grea.ter  certainty  as  our  knowledge  of  the  empirical  facts  of  the 
world 's  history  increases.  And  I  should  be  inclined  only  to  object  to 
any  attempt  to  foreclose  examination  by  forcing  a  conclusion  cither 
in  the  theistic  or  in  the  atheistic  sense  on  alleged  grounds  of  a  priori 
metaphysics.  In  a  word,  I  would  maintain  not  only  with  Kant  that 
the  "physieo-theological  "  argument  is  specially  deserving  of  our 
regard,  but  with  Boole  that  it  w  with  it  that  Natural  Theology 
must  stand  or  fall. 

KOTK  ON    BXTENSION   AND   INTESBION  OP  TERMS 

Amnng  the  niuneroTut  difficulties  which  beset  the  teaching  of  the 
elements  of  formal  logic  to  beginners,  one  of  the  earliest  is  that  of 
deciding  whether  alt  names  shall  be  considered  to  have  meaning  both 
in  extension  and  intension.  As  we  all  know,  the  problem  arises  in 
connection  with  two  classes  of  names,  (1)  proper  names  of  individ- 
nals,  (2)  abstract  terms.  I  should  like  to  indicate  what  seems  to  me 
^e  true  solution  of  the  difficulty,  thotigh  I  do  not  remember  to  ha\*e 
seen  it  advocated  anywhere  in  just  the  form  I  should  prefer. 

(1)  As  to  proper  names.    It  seems  clear  that  those  who  regard  the 
rlnie  proper  name  as  a  meaningless  label  are  nearer  the  truth  than 
lose  who  assert  with  Jevons  that  a  proper  name  has  for  its  intension 
all  the  predicates  which  can  be  truly  ascribed  to  the  object  named. 
As  has  often  been  observed,  it  is  a  sufficient  proof  that,  for  example, 
Mat  doee  not  mean  "  a  human  being  of  the  male  sex,'*  to  note  that  he 
who  names  his  daughter,  his  dog,  or  his  canoe  John,  makes  no  false 
assertion,  though  he  may  commit  a  solecism.   So  far  the  followers  of 
Mill  seem  to  have  a  satisfactory  answer  to  Jevons.  when  they  say,  for 
■example,  that  he  confuses  the  intension  of  a  term  with  iteaccidental  or 
[Acquired  afisociations.    (So.  again,  we  can  see  that  Socrates  cannot 
p«n«an  "the  wisest  of  the  Greek  philosophers,"  by  eotiaidering  that  I 
may  perfectly  well  undenftand  the  statement  "there  goes  Socratc*" 
without  being  aware  that  Socrates  is  wise  or  a  Greek  or  a  philosopher.) 
And  if  we  ol)jected  that  no  proper  name  actually  in  use  is  ever  with- 
out some  ajvocialions  which  in  part  detcnnine  its  meaning  by  restrict- 
ing its  applicability,  it  would  be  a  valid  rejoinder  rhat  in  pure  logic 
we  have  to  consider  not  the  actual  usages  of  language,  but  those  that 
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would  prevail  in  an  ideal  language  purged  of  all  elementa  of  inr- 
levancy.  In  such  ati  ideal  scientific  language,  it  might  be  said,  the 
proper  name  would  be  reduced  to  the  level  of  a  mere  mark  ser\'iceable 
for  identification,  but  conveying  no  implication  whatever  as  to  the 
special  nature  of  the  thing  identified.  Thus  it  would  be  indifferent 
what  mark  we  att-ach  to  any  particuhir  individual,  just  as  in  mathe- 
matics it  is  indifTerent  what  alphabetical  symbol  we  appropriate  to 
stand  for  a  given  class  ornuniber.  1  think,  however,  tliat  even  in  such 
an  ideal  scientilie  language  ihe  pro|Kr  name  would  have  a  certain 
intension.  In  the  first  place,  the  use  of  proper  name  seems  to  inform 
us  that  the  thing  natned  is  not  unique,  is  nut  the  only  member  uf 
a  class.  To  a  monulhcist,  for  instance,  the  name  "God"  is  nu  true 
proper  name,  nor  can  be  consistx^ntly  give  a  proper  name  to  his 
Deity.  It  is  only  where  one  member  of  a  class  has  to  be  distinguished 
from  others  that  the  bestowal  of  a  proper  name  has  a  moaning. 
And,  further,  to  give  a  thing  a  proper  name  seems  to  imply  that  the 
thing  is  itself  not  a  class.  In  logic  we  have,  of  eourse.occasiou  to  form 
the  concept  of  classics  which  have  other  classes  for  their  individual 
members.  But  the  classes  which  compose  such  classes  of  classes  could 
not  themselves  be  identified  by  means  of  proper  names.  Thus  the 
employment  of  a  proper  name  seems  to  indicate  that  the  thing 
named  is  not  the  only  member  of  its  class,  and  further  that  it  is  not 
itself  a  class  of  individuals.  Ueyond  this  it  seems  to  be  a  mere  question 
of  linguistic  convention  what  information  the  use  of  a  proper  name 
shall  convey.  Hence  it  ought  to  be  said,  not  thai  the  proper  name  has 
no  intension,  but  that  it  represents  a  Umiting  case  in  which  intension 
is  at  a  minimum. 

(2)  As  to  abstract  terms.  Ought  we  to  say.  with  so  many  English 
formal  logicians,  that  an  abstract  term  is  always  singidar  and  non- 
intcnsional?  The  case  for  asserting  that  such  tenns  are  all  singular, 
I  own.  seems  unanswerable.  For  it  is  clear  that  if  the  name  of  an 
attribute  or  relation  is  equally  the  name  of  another  attribute  or  rela- 
tion, it  ia  ambiguous  and  thus  not  properly  one  term  at  all.  To  say ,  for 
example,  that  whiteness  means  two  or  more  distinct  qualities  seems 
t-o  amount  to  saying  that  it  has  no  one  definite  meaniug.  Uf  couree,  it 
is  true  that  milk  ts  white,  pafxT  ia  white,  and  snow  is  white,  and  yet 
the  color-tones  of  the  three  are  distinct.  But  what  we  assert  here  is, 
not  that  there  are  different  whiteneasce,  but  only  that  there  are  differ- 
ent degrees  of  approximation  to  a  single  ideal  standard  or  type  of 
whiteness.  It  is  just  beeauso  the  whitcneee  we  have  in  view  is  one  and 
not  many  that  we  can  intelUgibly  aasert,  for  example,  that  newly 
fallen  snow  ia  vAUer  than  any  paper.  All  the  instances  produced  by 
Mill  to  ehow  that  abs*  ract  terms  may  be  general  seem  lo  me  cither  to 
involve  confusion  between  difTorencc  of  kind  ami  difference  in  degree 
of  approximation  to  type,  or  else  to  depend  upon  treating  aa  abstract 
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a  term  which  is  really  concrete.  Thus  when  we  say  red,  blue,  green, 
arc  (lifTerent  kinds  of  color,  surely  what  we  mean  is  different  kinds  (if 
colored  surface.  Qui  colored,  they  are  not  different;  I  mean  just  aa 
much  and  no  more  when  I  Bay  "a  red  thing  is  colored,"  or  "has 
color,"  as  when  I  say  "agreen  thing  is  colored."  If  Mill  were  right,  the 

■  proposition  "  red  is  a  color  "  ought  to  mean  exactly  the  same  aa  "  red 
is  red."  Or,  to  put  it  in  another  way,  it  would  become  impossible  to 
form  in  thought  any  concept  of  a  single  class  of  colored  things. 

But  ueod  we  infer  because  ubslract  terms  are  singular  that  there- 
fore they  have  no  intension  and  are  mere  meaningless  marks?  Com- 
monly as  this  inference  is  made,  it  seems  to  me  clearly  mistaken.  It 
eeems,  in  fact,  to  rest  upon  the  vague  and  ill-denned  principle  tliat 
an  attribu1«  can  have  no  attributes  of  ita  own.  That  it  is  false  is 
shown,  I  think,  by  the  simple  reflection  that  scientific  defi  nit  tuns 
are  one  and  all  statenmntfi  as  lo  the  meaning  of  abstract  uanitnt  of 
attributes  and  relations.  For  example,  the  definition  of  a  circle  is 
a  statement  as  to  the  meaning  of  circularity,  the  legal  definition  of 
responsible  persons  a  8tatoinent  as  to  the  meaning  of  the  abstraction 
"responsibility,"  and  so  on.  (We  only  evade  the  point  if  we  argue 
that  abstract  terms  when  used  as  the  subjects  of  propositions  arc 
zeally  being  employed  concretely.  For  "cruelty  is  odious,"  for 
instance,  docs  not  merdy  mean  that  crud  acta  are  odious  acta, 
but  that  they  are  odious  because  they  are  cruel.)  In  fact,  the  doc- 
trine that  abstract  terms  hare  no  intension  would  seem,  if  thought 
out,  to  lead  to  the  view  that  there  are  only  claesee  of  individuals,  but 
BO  classes  of  classes.  Thus  to  say  "cruel  acts  are  odious  because 
cruel "  implies,  not  only  that  I  can  form  the  concept  of  a  cla£>s  of  cruel 
acts,  but  also  that  of  classes  of  odious  acts  of  which  the  class  of  cruel 
acta  in  its  turn  is  a  member.  And  to  admit  as  much  as  this  is  to  admit 
that  the  clasi^  of  cruel  acts,  considered  as  a  me-mber  of  the  class  of  odious 
acta,  shares  thecommon  predicate  of  odiousness  with  the  other  classes 
of  acts  composing  the  higher  class.  Hence  the  true  account  of  abstract 
t«rms  seems  to  me  to  be  that  we  have  in  them  another  Umiting  case, 
&  case  in  which  the  extension  and  the  intension  are  coincident.  Inci- 
dentally, by  illustrating  the  ambiguity  of  the  principle  that  attributes 

"have  no  atlribuU^  of  iLcir  own,  our  discussion  seems  to  indicate  the 
advantage  of  taking  the  purely  extensional  view  as  opposed  to  the 
predicative  view  of  the  import  of  propositions  as  the  basis  of  an  ele- 
mentary treatment  of  logical  doctrine. 
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TBE   PRBUMIKART   QUESTrON 

TnKliving  problemaof  any  science  arise  out  of  two  sources:  (l)out 
of  what  men  uiay  think  of  it,  in  view  of  its  nature  and  claims,  and 
(2)  the  problems  that  at  any  period  are  ^ital  to  it,  and  in  Ihesolution 
of  which  it  realizes  the  purpose  of  its  existence.  Nowifwc  distinguish 
the  body  of  the  sciences  which  deal  with  aspects  of  the  world  'a  phenom- 
ena — and  here  I  would  include  both  the  psychic  and  the  physical  — 
from  metaphysics,  which  professes  to  go  behind  the  phenomenon  and 
determine  the  world  in  terms  of  its  inner,  and,  therefore,  ullimat€  real- 
ity, it  may  be  truly  said  of  the  body  of  the  sciences  that  they  are  in  a 
position  to  disregard  in  a  great  measure  questions  that  arise  out  of  the 
first  source,  inasmuch  as  the  data  from  which  they  make  their  de- 
parture arc  obvious  to  common  ob!ler^'ation.  Our  world  is  all  around 
us,  and  its  phenomena  cither  proa-s  upon  ua  or  are  patent  to  our 
observation.  Lying  thus  itithin  the  field  of  ol)««r\'atton,  it  docs 
not  occur  to  the  average  mind  to  question  either  the  legitimacy  or 
the  poasibilily  of  that  effort  of  reflection  which  is  devoted  to  their 
investigation  and  intcrpret-ation.  Metaphysics,  however,  enjoj-a  no 
such  immunity  as  this,  bat  its  claims  are  liable  to  be  met  with  skep- 
ticism or  denial  at  the  outset,  and  this  is  due  partly  to  the  nature  of 
its  initial  claims,  and  partly  to  the  fart  that  it«  real  data  are  less  open 
to  observation  than  are  those  of  the  acienoes.  I  say  partly  to  the 
nature  of  the  initial  claims  of  metaphysics,  for  it  is  eharBct-eristic  of 
metaphysics  that  it  refuses  lo  regard  the  distinction  between  phe- 
nomena and  ground  or  inner  nature,  on  which  the  sciencos  rest,  u 
final,  and  is  committed  from  the  outset  to  the  clniro  that  the  real  is 
in  its  inner  nature  one  and  to  be  interpreted  in  the  light  of,  or  ia 
terms  of,  its  inner  unity;  whereas,  science  has  so  Indoctrinate  the 
modem  mind  with  the  supposition  that  only  the  outer  movements 
of  tilings  are  open  to  knowledge,  while  tlieJr  inner  .'ind  real  nature 
must  forever  remain  icAeoessible  to  our  powers;  1  say  that  the  mod- 


em  mmd  baa  b«ea  so  imbued  with  this  pFetcosion  as  to  have  almust 
completely  forgotten  the  fuct  that  the  tlisUnction  of  pbenomonon 
and  ground  is  one  of  science's  own  making.  Neither  the  plain  nisn 
nor  the  cultured  nmn,  if  he  happens  not  to  be  tinctured  with  scicnoe, 
Cnd«  bitt  world  a  duahty.  The  things  he  deals  with  arc  the  realities, 
and  it  is  only  when  his  n^ve  realism  begins  to  break  down  before 
the  complex  demands  of  lus  growing  life,  that  the  thought  occure  to 
him  that  his  world  may  be  more  complex  thun  he  has  dreamed.  It  is 
clear,  then,  that  the  distincUon  of  our  world  into  phenomena  and 
ground,  on  which  science  so  largely  rests,  is  a  first  product  of  reOec- 
tion,  and  not  a  fact  of  observation  at  all. 

If  this  be  the  case,  it  may  be  possible  and  even  necessary  for 
reflection  at  some  stage  to  transcend  this  distinction.  At  least,  there 
can  be  no  reason  except  an  arlMtrary  one  for  taking  this  first  step  of 
reflection  to  be  a  finality.  And  there  would  be  the  s&me  justification 
for  a  second  step  that  would  transcend  this  dualism,  as  for  the  initial 
step  out  of  which  the  distinction  arose;  proxidcd,  it  should  be  found 
that  the  initial  distinction  does  not  supply  an  adequate  basis  for  a 
rarionnl  intcrpretAtion  of  the  world  that  can  be  taken  as  final.  Now, 
it  is  precisely  because  the  dualistic  distinction  of  the  sciences  does  fail 
in  this  regard,  that  a  further  demand  for  a  reflective  transformation 
of  the  data  arises.  I>et  us  bear  in  mind  that  the  data  of  the  sciences 
Rrc  not  the  simple  facts  of  obser^'ation,  but  rather  those  facts  trans- 
formed by  an  act  of  reflection  by  virtue  of  which  they  become  phe- 
nomena distinguished  from  a  more  fundamental  nature  on  which 
they  depend  and  which  itself  is  not  open  to  ob3er\'ation.  The  real 
data  of  science  are  found  only  when  the  world  of  ol>servation  has  been 
thus  transformed  by  an  act  of  reflection.  If  then  at  some  stage  in  our 
effort  to  interpret  our  world  it  should  become  clear  that  the  sciences 
of  phenomena.  «'halever  value  their  results  may  possess,  are  not  fry- 
ing us  an  interpretation  in  terms  that  can  be  taken  as  final,  and  that  in 
order  to  ground  such  an  interpretation  a  further  trajisformation  of  our 
data  becomes  necessary,  I  do  not  see  why  any  of  the  scicncca  should 
feel  that  they  have  cause  to  demur.  In  truth,  it  is  out  of  just  such  a 
aituation  as  -this  that  the  metaphysical  interpretation  arises  (as  I 
propose  very  briefly  here  to  show), a  situation  that  supplies  a  genuine 
demand  in  the  Ught  of  which  the  effort  of  racuphysica  to  understand 
its  world  seems  to  possess  as  high  a  claim  to  legitimacy  as  that  of  the 
sdences  of  phenomena.  Let  us  take  our  stand  with  the  plain  man  or 
the  child,  inthin  the  world  of  unmodified  observation.  The  things 
of  observation,  in  this  worid.  are  the  realities,  and  at  first  we  may 
suppose  have  imdergone  little  refiective  transformation.  The  first  m- 
leetive  effort  to  change  this  world  in  any  way  will,  no  doubt,  be  an 
effort  to  mitnher  or  count  the  things  that  present  themselves  to  obscr^'a- 
tioD,and  out  of  this  effort  will  arise  the  transformatioD  of  the  world 
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that  results  from  considering  it  under  the  concepts  and  categorit 
of  number.  In  short,  to  mathematical  reflection  of  this  simple  sort,l 
the  things  of  observation  will  resolve  themselves  into  a  plurality  of 
countable  things,  which  the  numbering  reflection  becoming  explicit 
in  iis  ordinal  and  cardinal  moments  will  translate  into  a  system  that 
will  be  regarded  as  a  whole  made  up  of  the  sum  of  its  parts.  The  very 
first  step,  then,  in  the  reflective  transformation  of  things  rrwilvi 
them  into  a  dual  system,  the  world  conceived  as  a  carilinal  whole  tt 
in  made  up  of  its  ordinal  parta,  and  exactly  etjusl  to  them.  This 
mathematical  conception  is  moreover  purely  quantitative;  involving 
the  exact  and  stable  equivalence  of  it«  parts  or  units  and  that  of  the 
sum  of  the  parts  with  the  whole.  Now  it  is  with  this  purely  quantita- 
tive trannformation  that  mathematics  and  the  mathematical  sciences 
begin.  Wc  may  ask,  then,  why  should  there  be  any  other  than  mathe- 
matical science,'  and  what  ground  can  non-mathematical  science  point 
to  as  substantiating  its  claims?  I  confess  I  can  sec  no  other  final 
reason  than  this,  that  mathematical  science  docs  not  meet  the  whole 
demand  wc  feel  obliged  to  make  on  our  world.  If  mathematics  wore 
asked  to  vindicate  itself,  it  no  doubt  would  do  so  by  claiming  thut 
things  present  quantitative  aspects  on  which  it  founds  its  procedure. 
In  like  manner  non-mathematical,  or,  aa  wc  may  call  it,  physical  or 
natural  ecicnce,  will  seek  to  subslantiate  its  claims  by  pointing  to 
certain  ultra-(|uantitalive  or  qualitative  aspects  of  things.  It  is  true 
that,  so  far  as  things  are  merely  numerable,  they  are  purely  quantita- 
tive; but  mathematics  abstracts  from  the  content  and  character  of  its 
units  and  aggregates,  which  may  and  do  change,  so  that  a  relation 
of  stable  equivalence  is  not  maintained  among  them.  In  fact,  the 
basis  of  these  sciences  is  found  in  the  tendency  of  things  to  be  always 
changing  and  becoming  different  from  what  they  were  before.  The 
problem  of  these  sciences  is  how  to  ground  a  rational  scheme  of  know- 
ledge in  connection  with  a  fickle  world  like  that  of  qualitative  chanf 
It  is  here  that  reflection  finds  its  problem,  and  noticing  that  the  Cent 
ency  of  this  world  of  change  is  for  a  to  pass  into  6  and  thus  to  lose 
its  own  identity,  the  act  of  reflection  that  rationalizes  the  situation  is 
one  that  coiinccta  n  and  b  by  relating  thcni  to  a  conimon  ground  x  of 
which  they  stami  as  successive  manifestations  or  symbols.  X  thus 
supplies  the  threarl  of  identity  thai  bimlri  the  two  changes  a  and  &  into 
a  relation  to  which  the  name  causation  may  be  applied.  And  just  as 
quantitative  equivalence  is  the  principle  of  rdationahip  among  the 
parte  of  the  simple  mathematical  world,  so  here  in  the  world  of  the 
dynamic  or  natural  sciences,  the  principle  of  relation  is  natural 
causation.'  Wc  find,  then,  that  the  non-mathematical  sciences  reel;  on 

'  1  ilo  not  Tti\»c  the  quovtion  of  r|  unlit  At  tvn  tnAthemktics  at  all.  It  U  cleu'  that 
the  firal  mathi^iiitical  n-Rcction  %nll  Iw  ciiunlitaltvp. 

*  By  natural  cauution  I  mtaa  uicl)  m  ntliitioi^ship  l>rl.trn-ii  a  and  b  in  n  phcniim- 
enAl  iystcnt  u  enoblci  a  tluwtgb  its  cooorction  with  iU  ground  to  determine  b. 
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o  baus  that  is  constituted  by  a  second  <ui  of  reflection  ;  one  that 
translates  our  world  into  a  system  of  phenomena  causally  inter-rcla(e<l 
and  connected  with  thoir  underlying  grounds. 

Wc  have  now  reached  a  point  where  it  will  be  possible  in  a  few 
sentences  to  indicate  the  ri»e  of  the  metAphysirnl  reflertion  and  the 
ground  on  which  it  rests.  If  wc  consider  both  ihe  mathematioal  mid 
the  physical  ways  of  looking  at  things,  wc  will  find  that  they  possesB 
this  feature  in  common,  — they  are  purely  external,  having  nothing 
to  say  respecting  the  inner  and,  therefore,  real  nature  of  the  things 
with  which  they  deal.  Or,  if  we  conccle  the  latest  claims  of  some  of 
the  physical  speculators  and  agree  that  the  aim  of  phjiiics  ia  an 
ultimate  physical  explanation  of  reality,  it  will  still  hi-  true  that  the 
whole  standpoint  of  this  explanation  will  be  external.  Let  me  explain 
brieflj'  what  I  mean  substantially  by  the  term  external  ob  I  use  it  here. 
Every  interpretation  of  a  world  is  a  function  of  some  knowing  con- 
Bciousness,  and  cflnsequently  of  some  knowing  self.  lliLs  is  too  obvious 
l«  need  proof.  A  sj-slem  will  be  external  to  such  a  knower  just  to  the 
extent  that  the  knower  finds  it  dominated  and  determined  by  cate- 
gorica  that  are  different  from  those  of  ita  own  determination.  A  world 
phyaieally  interpreted  is  one  that  is  brought  completely  under  the 
Tubrics  of  phj-sica  and  mathematics;  whose  movements  yield  them- 
selvea  completely,  therefore,  to  a  meehanicol  calculus  that  gives  rise 
to  purfily  deacriptive  formula;  or  to  the  control  of  a  dynamic  prin- 
ciple; that  of  natural  causation,  by  virtue  of  which  everything  is 
determined  without  thought  of  ita  own.  by  the  impulse  of  another, 
which  impulse  itself  is  not  directly  traceable  to  any  thought  or  pur- 
pose. Now,  the  occasion  for  the  metaphysical  reflection  ariww  when 
this  situation  that  brings  u.s  face  to  face  with,  nay,  makes  us  part 
and  parrel  of,  an  alien  s>'stem  of  things,  becomes  intolerable,  and  the 
knoworl>eglna  todemand  acloser  kinship  with  his  world.  'ITie  knower 
finds  the  categories  of  his  own  central  and  ehamf^t eristic  activity  in 
experience.  Here  he  is  conscious  of  being  an  agent  going  out  in  forms 
of  activity  for  the  reahzation  of  his  world.  The  determining  categories 
of  the  acti\ity  he  is  most  fully  consniouiB  of,  are  interest,  idea,  previ- 
sion, purpose,  and  that  selective  activity  which  goes  to  its  tennina- 
tion  in  some  achieved  end.  The  metaphysical  interpretation  arises  out 
of  the  demand  that  the  world  shall  be  brought  into  bonds  of  kinship 
with  the  knower.  And  this  is  effoctod  by  generalizing  the  categories 
of  consciousness  and  Applying  them  as  principles  of  interpretation  to 
the  world.  The  act  of  reflection  on  which  the  metaphysical  int«rprB- 
tation  proceeds  is  one,  then,  in  which  the  world  of  science  is  further 
transformed  by  bringing  the  inner  nature  of  things  out  of  its  isolation 
and  tranjilating  the  world-movements  into  process  the  terms  of  which 
are  no  longer  phenoviena  and  hidden  ground,  but  rather  inception  and 
realization,  or,  more  specifically,  Idea  and  Reality.  And  the  point  tu 
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be  noted  here  18  the  fact  that  these  metapbyaical  categories  are  ted 
up  to  posithity  by  an  act  of  reflection  that  haa  for  Us  guiding  aini  &u 
interpretation  of  the  world  that  will  be  more  ultimately  eatiafactory 
to  the  knower  than  that  of  the  physical  or  natural  sciences;  while 
negatively,  it  is  ted  up  to  by  the  refusal  of  the  Itnowing  consciousness 
to  rest  in  a  world  alien  to  its  own  nature  and  in  which  it  is  subordin- 
ated to  the  pliyaical  and  made  a  mere  epiplienomenon. 


II 

QDESnONS   OF   POINT  OP   VIEW,    PRINCIPLE:   AMD    MEH'UOD    OF 
METAPRT8ICS 

It  is  clear  from  what  has  been  said  that  the  metaphysical  inter- 
pretation proceeds  on  a  presupposition  radically  different  from  that 
of  mathematical  and  ptiysical  science.  The  presumption  of  thesftl 
sciences  is  that  the  world  is  physical,  that  the  physical  categories] 
supply  tlte  norms  of  reality,  and  that  consciousness  and  the  iwychic, 
in  general,  arc  subordinate  and  pheuuinenal  to  the  physical.  On  tlift 
contrary,  metaphysics  arises  out  of  a  revolt  from  theae  preeumpUoat 
toward  the  opposite  presumption,  namely,  that  eotueiousneaa  \t»eil 
is  the  great  roaJt^.aod  that  the  norma  of  an  ultimate  interpretation  vi* 
things  are  to  l>e  sought  in  its  categorira.  This  is  the  great  transfor- 
mation that  conditions  the  po^ibilily  and  value  of  all  metaphysica. 
It  is  the  Copemican  revolution  which  the  mim)  must  pass  through, 
a  revolution  in  which  matter  and  the  phj'sical  world  yields  the 
primacy  to  mind;  a  revolution  in  which  consclausneES  ticcomes  cen- 
tral, itH  categories  and  analogies  supplying  the  principles  of  Gjial 
world -interpretation.  Let  us  consider  then,  in  the  light  of  this  great 
Copemican  revolution,  the  questions  of  the  point  of  view,  principle, 
and  mclhod  of  metaphysics.  And  here  the  utmost  brevity  must  be 
ob8er\'ed.  If  consciousneaabe  the  great  reality,  then  its  own  central 
activity,  that  effort  by  which  it  reaUacs  its  world,  will  determine  for 
UB  the  point  of  vieic  or  departure  of  which  we  are  in  quest.  Tliis  will 
be  inner  rather  than  outer  ;  it  will  be  motived  by  inicrtat,  wilt  shape 
it«elf  into  ijitereet'directed  effort.  This  effort  will  be  ot^iutive;  dom* 
inated  by  an  idta  which  will  be  an  anticipation  of  the  goal  of  the 
effort.  It  will,  therefore,  become  direciivc,  atUctive,  and  wit!  ittand 
tm  the  end  or  aim  of  the  completed  effort.  The  whole  movement  will 
thus  take  the  form,  genetically,  of  a  developing  purpose  informed  by 
an  id^i,  or  UhologicaUy,  of  a  purpose  going  on  to  its  fulfUlmmt  in  soi 
mm  which  b  also  it8  motive.  Now,  metapbyaics  determiues  its  poii 
of  view  in  the  following  reasoning:  if  in  consciousness  we  fmd  the 
type  of  tbo  inner  nature  of  things,  then  the  point  of  view  (or  (he  inter- 
pretation of  ibis  inner  nature  will  b«  lo  seek  by  generalizing  the 
standpoint  of  consciously  determined  effort  and  as^rting  tlial  this 
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u  tbc  true  point  of  view  from  which  the  meaning  of  the  world  is  to  be 
sought . 

Having  dctcmuntHl  the  moUphyncal  point  of  viow,  the  next  quee- 
tion  of  vital  importauce  is  that  of  it«  jtrineiple.  And  we  may  cut  mat- 
ten  short  here  by  saying  at  once  that  thn  principle  wo  arc  seeking  is 
that  of  su/}icient  reason,  and  we  may  say  that  a  reason  will  be  sufh- 
cient  when  it  adoquatoty  cxpressee  the  worid-\iow  or  concept  imdcr 
which  an  in vcs ligation  is  being  prosecuted.  Let  us  suppose  that  this 
world-view  is  that  of  simple  mathematics,  the  principle  of  sulhcieut 
.reason  here  will  be  that  of  quaniitative  eqidvalejue  of  parta;  or,  from 
the  standpoint  of  the  whole,  that  of  infiniU  divisibitity.  Whereas,  if  we 
take  the  world  of  the  xiltra-mathematical  science,  which  is  deternuocd 
by  the  notion  of  phenomena  depending  on  underling  ground,  we  will 
find  that  the  sufficient  reason  in  this  sphere  takes  the  form  of  adequate 
cause  or  condition.  The  determining  condition  or  causes  of  any  phys- 
ical phenomenon  supply,  from  that  point  of  view,  the  ratio  sufficient 
of  its  existence.  We  have  seen  that  the  sufficiency  of  a  reason  in  the 
■above  cases  has  been  determined  in  \iew  of  that  notion  which  defines 
the  kind  of  world  the  investigation  is  deaiing  with.  Let  us  apply  this 
insight  to  the  problem  of  the  principle  of  metaph>'5ics,  and  we  will 
soon  conclude  that  no  reason  can  be  metaphysically  sufficient  that 
does  not  satisfy  the  requirements  of  a  world  conceived  under  ibe 
notion  of  incrption  and  reaiizatum  ;  or,  more  specifically,  idea  and 
reality.  In  short,  the  reason  of  metaphysics  will  refuse  to  r^anl  its 
world  OS  a  mechanism  that  is  devoid  of  thought  and  intentiou;  that 
lacks,  in  short,  the  motives  of  internal  determination  and  movement, 
and  will  in  all  coses  insist  that  an  explanation  or  interpretation  can 
t>e  metaphysically  adequate  only  when  its  ultimate  reference  is  to  an 
idea  that  is  in  the  prooess  of  purposive  fulfillment.  Such  an  explana- 
tion we  call  teleoiogical  or  rational,  rather  than  merely  mechanical. 
^-and  such  a  principle  is  alone  adequate  to  embody  the  ratio  9Ufficiens 
of  metaphysics. 

Having  determined  the  point  of  view  and  principle  of  meta- 
physice,  the  question  of  metaphysical  method  will  be  divested  of  some 
of  its  greatest  ditliculties.  It  will  be  clear  to  any  one  who  reflects  that 
the  very  fir^t  problem  in  regard  to  the  method  of  metaphysics  will 
be  that  of  its  stnrting-point  and  the  kind  of  results  it  is  to  look  for. 
And  little  can  be  accomplished  here  until  it  has  been  settled  that  con- 
aciousnessts  to  have  the  primacy,  and  that  its  prerogative  is  to  supply 
both  standpoint  and  principle  of  the  investigation.  We  have  gone 
a  long  way  toward  mastering  our  method  when  we  have  settled  these 
points:  (I)  that  the  metaphysical  world  is  a  xvorld  of  con.<iciausne«i; 
(2)  that  the  conscious  form  of  effort  rather  than  the  mechanical  i« 
thespeciosof  activity  or  movement  with  which  we  have  to  deal;  and, 
{3)  that  the  world  it  is  seeking  to  interpret  is  ultimately  one  of  idea 
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and  realiiy  m  which  the  processes  lake  the  purpoaive  form.  In  view  of 
this,  the  important  st^ps  of  method  (and  we  use  the  term  meth(Kl  here 
in  the  most  fundamental  sense)  will  be  (1)  the  question  of  the  form  of 
metaphysical  activity  or  agency  as  contrasted  with  that  of  the  phys- 
ical sciences.  This  maybe  brought  out  in  the  contrast  of  the  two 
terms  finality  and  m/rc  efficiency,  in  which  by  mere  efficiency  is 
meant  an  agency  that  is  presumed  to  be  thoughtless  and  purposeless, 
and  consequently  without  foreMght.  All  this  is  embodic<l  in  the  term 
force  or  phyMcal  energy,  and  less  explicitly  in  that  of  natural  causa- 
tion. Contrasted  with  this,  finality  is  a  t,erm  that  involves  the  for- 
ward impulse  of  idea,  prevision,  and  purjMse.  Anything  that  is  cap- 
able of  any  sort  of  foretaste  has  in  it  a  principle  of  prevision,  selection, 
choice,  and  purpose.  The  impulse  that  motives  and  runs  it,  that  also 
stands  out  as  the  end  of  its  fulfillment,  Is  a  foretaste,  on  Ahnung,  an 
anticipation,  and  the  whole  process  or  movement,  as  well  as  ever>* 
part  of  it,  will  take  on  this  character.  (2)  The  second  question  of 
method  will  be  that  of  the  nature  of  this  category  of  which  finality 
is  the  form.  What  is  its  content,  pure  idea  or  pure  will,  or  a  Bynthesia 
that  includes  both?  We  have  here  the  three  alternatives  of  pure 
rationalism,  volurUarism,  and  a  doctrine  hni-d  to  eharacteriae  in  a 
single  word;  that  rests  on  a  synOiesis  of  the  norms  of  both  rational- 
ism and  voluntarism.  Without  debating  these  altemntivps,  I  propose 
here  briefly  to  characterize  the  synthfiic  concept  as  supplying  what 
I  conceive  to  be  the  moat  satisfactor}'  doctrine.  The  principle  of  pun 
rationalitim  ta  one  of  insight  but  is  lacking  in  practical  energy*, 
whereas,  that  of  voluntarism  supplies  practical  energy,  but  is  lacking 
in  insight.  Pure  voluntarism  is  Mrn/i,  while  pure  rationalism  is  piiicrr- 
Utg.  But  the  synthesis  of  idea  and  mli,  provided  we  go  a  step  further 
(as  I  think  we  must)  and  presuppose  also  a  germ  of  feeling  as  intcrett, 
supplies  both  insight  and  energy.  So  that  the  spring  out  of  which  our 
world  is  to  arise  may  be  described  as  either  the  idea  informed  tcifh 
purpotive  energy,  or  purpose  or  will  informt)d  and  guided  by  the  idea.  It 
makes  no  difference  which  form  of  conception  we  use.  In  either  case 
if  we  include  feeling  as  interest  we  are  able  to  conceive  movements 
originating  in  some  species  of  apprehenaon,  taking  the  dynamic 
form  of  purpose,  and  motived  and  selected,  so  tn  speak,  by  iotereei; 
and  in  describing  such  actirity  we  are  simply  describing  these  nonnal 
movements  of  consciousness  with  which  our  ctpericnce  makes  us 
most  familiar.  (3)  The  third  question  of  method  involves  the  relation 
or  correlation  of  the  mctaphywcal  interpretation  with  that  of  the 
natural  or  physical  science.  Two  points  are  ftmdamental  here,  In  the 
first  place,  it  must  be  bnmc  in  mind  that  it  is  the  same  world  with 
which  the  plain  man,  the  man  of  science,  and  the  metaphysician  are 
concerned.  We  cannot  partition  off  the  external  worid  to  the  plain 
man,  the  atoms  and  cthere  to  the  man  of  science,  leaving  the  meta- 
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physician  in  exclusive  and  Bolitory  posacitsion  of  tfac  world  of  con- 
Bciousnees.  It  is  the  same  world  for  oil.  The  metaphysician  cannot 
shift  the  physical  world,  with  its  oceans  and  icebcrga,  itvS  vast  plano- 
tar>'  nyHtcms  and  milky  ways,  on  to  the  shoulders  of  the  physiciBt. 
Thia  is  the  metaphysician's  oftti  recalcitrant  world,  which  will  doubt- 
tees  task  oil  his  resources  to  explain.  In  the  sfcond  place,  though  it 
b  the  same  world  that  is  clamoring  for  interpretation,  it  is  a  world 
that  passes  through  successive  transformations. in  order  to  adapt  itaelf 
to  progreesive  modes  of  interpretation,  The  plain  man  is  called  to  pass 
through  a  species  of  Copomican  revolution  thatsubordinate-s  the  phe- 
nomenon to  its  groiiod,  before  he  can  become  a  man  of  science.  In 
turn,  the  man  of  science  must  go  through  theCopermcan  process,  and 
leara  to  subordinate  his  atoms  and  ethers  to  consciousness  before  he 
can  become  a  metaphysician.  And  it  is  this  transformation  that  marks 
uno  of  the  moat  fundamental  steps  in  the  method  of  metaphysics. 
The  world  must  experience  this  transformation,  and  it  must  become 
habitual  to  the  thinker  to  subordinate  tlie  physical  to  the  menial 
l»<fnrc  the  nietaphysical  point  nf  view  can  be  other  than  foreign  to 
him.  If,  then,  it  I)o  the  same  ctmtejit  with  which  the  sciences  and 
metaphy&icfl  are  called  on  to  deal,  it  is  clear  tliat  we  have  on  our 
hands  another  problem  on  the  answer  to  which  the  fate  of  niota- 
phj'sics  vitally  depends;  the  question  nf  the  correlation  of  its  method 
with  that  of  the  sciences  so  that  it  may  stand  vindicated  as  the  final 
interpretation  of  things. 


in 


QUEeriON  OF  THK  COHBEL.iTION  OF  MET.\PHYS1C-S  WITH  THE  SCIENCES^ 

We  have  reached  two  conclusions  that  are  vital  here:  (1)  that  the 
metaphysical  way  of  looking  at  the  world  involves  a  transformation 
uf  the  world  of  physical  science;  (2)  that  it  is  the  same  world  that  lies 
open  to  both  science  and  metaph>'sics.  Out  of  this  arises  the  pro- 
blem of  the  correfciiion  of  the  two  views;  the  two  interpretations  of 
the  world.  If  science  bo  right  in  conceiving  the  world  under  such 
calegorica  as  quantity  and  natural  causation;  if  science  be  right 
.in  seeking  a  mechanical  explanation  of  phenomena  (that  is,  one  that 
excludes  prevision,  purpose,  and  aim);  and  if  metaphysics  be  ri^t 
in  refusing  to  accept  this  explanation  aa  final  and  in  insisting  that 
the  principle  of  ultimate  interpretation  is  teleological,  that  it  falb 
under  the  categories  uf  prevision.,  purpose,  and  aim;  then  it  ia  clear 
that  the  problem  of  correlation  is  on  our  hands.  In  dealing  with  this 
problem,  it  will  be  convenient  to  separate  it  into  two  questions:  (1) 
that  of  the  fact;  (2)  that  of  its  rationale.  ITie  fact  of  the  correlation 
is  a  thing  of  common  experience.  We  have  but  to  consider  the  way 
in  which  tiiia  Congress  of  Science  has  been  brought  about  in  order  to 
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have  an  exhibition  of  the  method  of  correlation.  Originating  first  in 
the  sphere  of  thought  and  purpaee,  the  design  has  been  actualize 
through  the  operation  of  mechanlcfij  agencies  wlilch  it  has  somc^ 
how  contribut4?d  to  liberate.  On  the  scale  of  individual  experience 
we  have  the  classic  instance  of  the  arm  moving  through  space  in 
obedience  to  a  hidden  will.  There  can  be  no  question  as  to  the  fact 
and  the  great  difficulty  of  metaphysics  does  not  arise  in  the  taak  of 
generalizing  the  fact  and  concei\nng  the  world  as  a  system  of  thought- 
purposes  working  out  into  forma  of  the  actual  through  mechanical 
agencies.  This  generalization  somehow  lies  at  the  foundation  of  all 
metaphysical  faith,  and,  this  being  the  case,  the  real  task  here,  aside 
from  the  profounder  question  of  the  Tationale,  is  that  of  exhibiting 
the  actual  points  of  correlation;  those  points  in  the  various  stages 
of  the  sciences  from  phyaics  to  ethics  and  religion,  at  which  the 
last  category  or  result  of  science  is  found  to  hold  as  its  immediate 
implication  some  first  term  of  the  more  ultimate  construction  of 
metapliyeics.  The  working  out  of  this  task  is  of  the  utmost  import- 
ance, inasmuch  as  it  makes  clear  to  both  the  man  of  science  and  the 
metaphysician  the  intrinsic  necessity  of  the  rorrclalion.  It  is  a  task 
analogous  to  the  Kantian  deduction  of  the  categories. 


IV 

QOEBTIONB  OF  TfkF.   ULTIMATE   NATURE  OP  RKALfrV 

We  pome,  then,  to  the  question  of  the  rationale  of  this  correlation, 
and  it  is  clear  hero  that  we  arc  dealing  with  a  phase  of  the  problem 
of  the  ultimate  nature  of  reality.  For  the  que-stion  of  the  oorrelatinn 
now  if)  how  it  ia  possible  that  our  thou^htfi  should  afFeet  things  nn 
that  Ihey  move  in  response;  how  mind  influences  body  or  the  itH 
verso,  how,  when  we  will,  the  arm  moves  through  spare.  And  wiUi- 
oul  going  into  det-niU  of  discuatuon  here,  let  ua  say  at  once,  that 
whatever  the  situation  maybe  for  any  aeicnce.  - — and  itmaybeliiat 
some  form  of  dualitm  is  a  neoesBary  presupposition  of  science, — 
for  metaphysics  it  is  clear  that  no  dualiam  of  substances  or  ordei 
can  be  regarded  aa  final.  The  life  of  melaphyaica  depends  on  finding^ 
the  one  for  the  many;  the  one  that  when  found  will  also  ground  the 
many.  If.  then,  the  phenomenon  of  mind  and  body  presenia  the 
appearance  of  a  correspondence  of  two  different  and,  so  far  as  can 
be  det^rminc^i,  mutually  exclusive  agencies,  the  problem  nf  meta- 
physica  is  the  reduction  of  these  agencies  to  one  species.  Here  we 
come  upon  the  issue  between  materialism  end  immaterialism.  But 
inaionuch  as  the  notion  of  metaphysics  itself  seems  to  exclude  ma- 
terialism, the  vital  allemative  is  that  of  immatcrialiam.  Again,  if 
psyehn- physics  presents  as  ita  ba&al  category  a  paralteium  between 
two  orders  of  phenomena,  pn'chic  and  physical,  it  is  the  business  ol 
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metaphysics  to  seek  the  exptanation  of  this  dualism  in  some  more 
ultimate  and  unitarv'  conciiplion.  Now,  since  the  veiy  nolioQ  of 
metaphysics  again  excludes  the  physical  alternative  from  the  cate- 
gory of  finality,  we  are  left  with  the  psychic  term  as  the  one  that, 
by  virtue  of  the  fact  that  it  embcnliea  a  fonn  of  conscious  activ- 
ity, promises  to  be  most  fruitful  for  metaphysics.  From  ont.'  point 
of  vifivr,  then,  we  have  reduced  our  world  to  immaterialism;  from 
another,  to  some  form  or  analc^e  of  the  psychic.  Now  it  is  not 
necessary  here  to  carry  the  inquiry  further  in  this  direction.  For 
what  metaphysics  is  interested  in,  specially,  is  the  fact  that  the 
world  must  be  reduced  to  one  kind  of  being  and  one  type  of  agency. 
If  this  be  done,  it  in  clear  (hat  the  dualism  of  body  and  mind  and 
the  paraUt'l  orders  of  psycho-physics  cannot  be  regarded  as  final,  but 
must  t-akc  their  places  as  phenomena  that  are  relative  and  reducible 
to  a  more  fundamental  unity.  The  metaphysician  will  say  that  the 
arm  moves  throu|B;h  space  in  response  to  the  will,  and  that  every- 
where the  correlation  between  mechanical  and  toleological  agency 
takes  place  because  in  the  last  analysis  thrrv  is  oniy  one  type  of  a^eney; 
an  agency  that  finds  its  initiative  in  interest,  thought,  purpose, 
dc8ie;n,flnd  thus  works  out  its  results  in  the  fields  of  space  and 
mechanical  acti\'ities. 

Furthermore,  on  the  question  to  which  these  considerations  lead 
up;  that  of  the  ultimate  interpretation  we  are  to  put  on  the  reality 
of  the  world,  the  issue  is  not  s>j  indeterminate  as  it  might  seem  from 
some  points  of  view.  Taking  it  that  the  very  notion  of  metaphysics 
excludes  the  material  and  the  physical  as  ultimate  types  of  the  real, 
we  are  left  with  the  notions  of  the  immaterial  and  the  psychic;  and 
while  the  former  is  indefinite,  it  is  a  fact  that  in  the  psychic  and 
especially  in  the  form  of  It  which  man  realizes  in  his  OH'n  experience, 
he  finds  an  intelligible  type  and  the  only  one  that  is  available  to  him 
for  the  definition  of  the  immaterial.  He  has  his  choice,  then,  either 
to  r^^rd  the  worTd  as  ahtolutely  opaqtu,  showing  nothing  but  its 
phenomenal  drexs  which  ceases  to  have  any  meaning;  or  to  apply 
to  the  world's  inner  nature  the  intelligible  types  and  analogies  of 
his  own  form  of  being.  That  this  m  the  alternative  that  is  embodied 
in  the  existence  of  metaphysics  is  clearly  demonstrated  by  the  fact 
that  the  metaphysical  interpretation  embodica  itself  in  the  cate- 
gories of  reason,  design,  purpose,  and  aim.  Whatever  difficulties  we 
may  encounter,  then,  in  the  ij.vand  application  of  the  psychic  analogy 
in  determining  the  nature  of  the  real,  it  is  clear  that  its  employment 
IB  inevitable  and  indispensable.  Let  us,  then,  employ  the  term  ra- 
ticnal  to  that  characterization  of  the  nature  of  things  which  tometa- 
ph^'Mcs  is  thus  ine\*itahle  and  indispensable.  The  world  must  in  the 
last  analysis  be  rational  in  itseonstitution,and  its  agencies  and  forms 
of  being  must  be  construed  as  rational  in  their  type. 
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And  here  wc  oomc  upon  the  last  question  in  this  6eM,  tliAt  of  the 
ttUimatc  being  of  the  uvrld.  We  have  already  concluded  that  the 
real  in  in  the  lost  analysis  rational.  But  we  have  not  answered  the 
queetion  whether  there  ahall  be  one  rational  or  many.  Now  it  has 
become  clear  that,  with  metaphysics  unity  is  a  cardinal  interest; 
that,  therefore,  the  world  must  be  one  in  Utougkt,  purpose,  aim. 
And  it  is  on  this  insight  that  the  metaphysical  doctrine  of  tlie  ab- 
solvte  rests.  There  must  be  one  being  whose  thought  and  purpooe  are 
all-inclusive,  in  order  that  the  world  may  be  one  and  that  it  may 
have  meaning  as  a  whole.  But  the  world  preacnts  itself  as  a  plurality 
of  finite  ejistents  which  our  metaphysics  requires  us  to  reduce  in  the 
last  analysis  to  the  psychic  type.  What  of  this  plurality  of  psychic 
existentj)?  It  is  on  this  basis  that  metaphyeicB  constructs  its  doctrine 
of  individuality.  Allowing  for  latitude  of  opinion  here,  the  trend 
of  metaphysical  reflection  sets  strongly  toward  a  doctrine  of  reality 
that  grounds  the  world  in  an  Absolute  whoflc  all-comprehending 
thought  and  purpose  utters  or  realizes  itself  in  the  plurality  of  finite 
inilividtials  that  constitutes  the  world;  the  degree  of  reality  that 
shall  be  ascribed  to  the  plurality  of  individuals  being  a  point  in 
debate,  giving  rise  to  the  contemporary  form  of  the  issue  between 
idealism  and  realism.  Alloiving  for  minor  diffcronees,  however, 
there  is  among  metaphysicians  a  fair  degree  of  assent  to  the  doctrine 
that  in  order  to  be  completely  rational  the  world  of  individual  plural- 
ity mufit  be  regarded  as  implying  an  Absolute,  which,  whether  it  is 
to  be  conceived  us  an  individual  or  not,  is  the  author  and  be.arer  of 
the  thought  and  design  of  the  world  as  a  whole. 


QUESTIONS  OF  MRTAPRYSICAL  KNOWLRDGE  AKD   DLTIU.^TE  CRlTRRtA, 

or  TRUTH 

We  have  only  time  to  speak  very  briefly,  in^ conclusion,  of  two 
\itBl  problems  iti  met«physics:  (1)  that  of  the  nature  and  Umita  of 
melupliyKic'Hi  knowledge;  (2)  that  of  the  ultimate  criteria  of  tnilh.  In 
regard  tu  the  ipiratiuu  of  knowledge,  we  may  etilier  idimlify  thought 
leith  rmlitf/,  or  we  niny  regard  thought  as  ichoUy  inadtquaU  to  repre- 
aent  the  nul;  in  one  case  we  will  be  ynoatic,  in  the  othe-r  aqnottic. 
N'ow  whatever  may  be  urged  in  favor  of  the  gnostic  altemative.it 
remains  (rue  that  our  thought,  tn  order  to  follow  along  int-eUigible 
lines,  must  Iw  guided  by  the  categories  and  analogies  of  our  own 
experience.  This  fLtcs  a  limit,  so  that  the  thought  of  man  is  never  In 
a  position  to  grasp  the  real  completely.  Again,  whatever  may  be 
urged  in  behalf  of  the  agnostic  alternative,  i(  is  to  be  borne  in  mind^ 
that  our  experience  does  supply  us  with  Intelligible  typea  and  cate- 
gories ;  and  that  under  the  inipulte  of  the  infinite  and  ab»olut4,  or 
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the  transcendeat,  to  which  our  thought  responds  (to  put  it  no 
etraoger),  a  dialectical  activity  arises;  on  the  one  hand,  the  appli- 
cation of  the  experience-analogies  to  determine  the  real;  on  the 
other,  the  inoeesant  removal  of  Umita  by  the  impulse  oE  transoeud- 
ence  (aa  we  may  call  it).  Thus  arises  a  moixmeni  of  approxima- 
tion which  while  it  never  completely  compasscB  its  goal,  yet  proceeds 
along  intelligent  Unea;  constitutes  the  mind's  effort  to  know;  and 
results  in  an  approximating  ttries  0/  inUUiyUjU  and  rdatively  ode- 
qxtate  conceptions.  Metaphysically,  we  are  ever  approximating  to 
ultimate  knowledge;  though  it  can  never  be  said  that  wo  have  at- 
tained it.  The  type  of  metaphysical  knowledge  cannot  be  character^ 
ized,  therefore,  as  either  gnostic  or  agnostic. 

As  to  the  question  of  ultimate  criieria,  it  is  clear  that  we  are  here 
touching  one  of  the  Ii\*ing  issues  of  our  present-day  thought.  Shall 
the  judgment  of  tnith,  on  which  certitude  must  found,  exclude 
practical  conaiderstions  of  value,  or  shall  the  consideration  of  value 
have  weight  in  the  balance  of  certitude  ?  On  this  issue  we  have  at 
the  opposite  extremes  (1)  the  pure  ralionaii»t  who  insists  on  the 
rigid  exclusion  from  the  epistcmologicAl  scale  of  every  consideration 
except  that  of  pure  logic.  The  truth  of  a  thing,  he  urges,  is  always 
a  purely  logical  consideration.  On  the  other  hand,  we  have  (2)  the 
pure  pragmatitt,  who  insists  on  the  "tcill  to  beUfvt"  as  a  le^timate 
datum  or  factor  in  the  deterraination  of  certitude.  The  pragmatic 
platform  has  two  planks:  (1)  the  ontohgical  —  we  select  our  world 
th^Lt  we  call  real  at  the  behest  of  our  interests;  (2)  the  fthical — In 
•uch  ft  world  practical  interest  has  the  right  of  way  in  determining 
what  we  are  to  accept  as  true  as  well  as  what  we  are  to  choose  as 
good.  It  is  my  purpose  in  thus  outlining  the  extremes  of  doctrine 
to  closo  with  a  su^^estlon  or  two  toward  leas  ultra-conclusions.  It 
is  a  sulTicient  criticism  on  the  pure  rationaiist'»  position  to  point  out 
the  fact  that  his  separation  of  practical  and  theoretic  interfsf*  is  * 
pure  fiction  that  is  never  realized  anywhere.  The  motives  of  science 
and  the  motives  of  practice  arc  90  blended  that  interest  in  the  con- 
clusion always  enters  as  a  factor  in  the  process.  A  conclusion  reached 
by  the  pure  rationalist '.-i  method  would  l>e  one  that  would  only 
interest  the  pure  rationalijtt  in  so  far  as  he  could  divest  himself  of  all 
motives  except  the  bare  love  of  fact  for  its  own  sake.  The  pure 
prngmntist  is,  I  think,  still  more  vulnerable.  He  must,  to  start  with, 
be  a  pure  subjective  idealist,  otherwise  he  would  find  his  world  at 
many  points  recalcitrant  to  hia  ontolog}'.  Furthermore,  the  mere 
toiU  to  believe  is  arbitrary  and  involves  the  suppression  of  reason.  In 
order  that  the  will  to  believe  may  work  real  conviction,  the  point 
believed  must  at  least  amount  to  a  postulate  of  the  practical  rcasoti; 
H  must  become  somehow  evident  that  the  refusal  to  lielicve  would 
create  a  situation  that  would  be  theoretically  unsound  or  irrational; 
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as,  for  instance,  if  we  assume  that  the  immortality  of  the  soul  is  a 
real  postulate  of  practical  reason,  it  must  be  so  because  the  n^ative 
of  it  would  involve  the  irrationality  of  our  world;  and  therefore  a 
degree  of  theoretic  imperfection  or  coufusion.  Personally  I  believe 
the  lines  here  converge  in  such  a  way  that  the  ideal  of  truth  will 
always  be  found  to  have  practical  value;  and  conversely,  9s  to  prac- 
tical ideals,  that  a  sound  practical  postulate  will  have  weight  in  the 
theoretic  scales.  And  it  is  doubtless  true,  as  Professor  Royce  urges 
in  his  presidential  address  on  The  Eternal  and  The  Practical,  that 
all  judgments  must  find  their  final  warrant  at  the  Court  of  the 
Eternal  where,  so  far  as  we  can  see,  the  theoretical  and  practical 
coalesce  into  one. 


At  the  close  of  the  work  of  this  Section  and  upon  the  invitation  of 
Dr.  Armstrong,  a  number  of  distinguished  members  in  attendance 
joined  freely  in  the  discussion,  to  the  great  pleasure  of  the  many 
specialists  who  were  present.  Among  those  participating  were 
Professor  Boltzmann  of  Vienna,  Professor  Hoeffding  of  Copenhagen, 
Professor  Calkins  of  Wellesley,  and  Professor  French  of  the  Uni- 
versity of  Nebraska,  to  whom  replies  were  made  by  the  principal 
speakers,  Messrs.  Taylor  and  Ormond. 


SHORT  PAPERS 


A  Abort  paper  wim  eonCributed  to  th«  work  of  ih^Seclloo  by  ^ofenor  W.  P. 
MontAj^e  of  Columbia  Uuivrraity,  <m  th«  "  PltVHiml  Ko^ity  of  Si-orxdary  ijuali- 
tiPM."  Ttii>  apeftkor  said  thnt  f min  the  beiginning  of  modem  phikMopby  there  fad* 
existed  a  stronft  tendraey  RmonKsl]  wlioolaof  tlioueht  —  monutsof  tbe  idealistic 
or  (iiatvri&listic  \y\ivs,  ax  wdU  as  outspoken  duoJtKte  —  to  treat  tbe  dulinction 
between  primary  and  secondary  qiuili^cs  u  roinfident,  mo  far  an  it  goes,  with 
t(M  distinction  bctn-NO  physical  and  psychical.  Colore,  aoundM,  odors,  etc.,  are 
regarded  as  purely  Bubjective  or  meobd  in  their  nature,  and  aa  bavins  no  true 
mnuberahip  in  t)ic  phyvJcid  order;  while  oarrpUti\-ply  nil  Mpt^daJ  forma  and 
relations  have  bewu  in  th«r  turn  extruded  from  the  field  o(  the  pej-chical.  Irf*  it 
lie  noted  that  introepevtiou  oiTent  liltlu  ur  m'lhiiif;  in  suppurl  of  thia  view.  Tliere 
V!  uutliing,  for  example,  about  the  color  red  that  would  make  it  appear  more  dis> 
ttnctively  psychical  or  8iibi<'clivc  than  a  figure  or  a  motion.  The  pcrceptioa  of 
u  square  or  a  triangle  is  not  a  square  or  triangular  perception;  but  neither  Is  the 
|>eroeption  of  ivd  or  blue  n  md  or  blue  pcTt»|>tion.  Now  with  the  affective  or 
rmolioiiat  contwits  of  experience  the  caee  is  quite  diHeront. 

A  feeling  of  pain  is  a  painful  feeling,  a  con»ciciusnt:«»  of  uncer  is  on  angry  con- 
wiousaess.  Poius  are  mora  and  less  painful,  accorduig  an  we  are  uiuro  and  Icn 
aware  of  them.  With  filings  and  voliticrnii  aigt  in  indwd  .per dpi.  Colors  and 
otluT  wcondary  qualities,  however,  do  not  seem  thus  to  increase  or  diminish 
in  tlunr  reality  concomitantly  with  our  perceptiuiw  of  them.  Red  ia  red.  neither 
murt!  tuir  less,  rfl|;anllnM  of  the  amount  to  wlucli  we  attend  to  it.  Anil  yet  it 
remains  true  that,  notwitliBtaodinR  this  seeminj;  objectivity,  the  secondary  i]ual< 
ities  iiave  long  becD  contrasted  with  the  primary,  aud  classed  along  with  tbo 
afTeetivL-  and  volitional  states  as  purely  siibjeotive  facts.  It  has  always  sccmod 
curious  that  a  view  so  important  as  thi«  in  its  coDSequenoefl,  and  so  radically  at 
varianue,  not  only  witli  Pre^^rtesian  philosophy,  but  also  with  our  instinctive 
beliAfs.  should  have  won  ita  way  to  the  position  of  an  accepted  dogma;  and  the 
purpose  of  this  paper  was  (irst  to  examine  the  grounds  upon  wliich  this  l>elief 
rests,  and  second  to  show  that  the  problem  of  [he  independent  reality  of  the 
pliyiieal  world  and  the  problem  uf  the  relutiuiiuf  phynicid  and  psycEucal  nppntf 
in  a  clearer  and  more  hopeful  light  wheji  disentang;led  from  the  quite  diSerent 
pn^iJem  of  the  relation  of  primary  and  secoodaiy  qualitleM. 

Tliere  were  two  reasons  why  the  older  or  Pre-Cart*«an  view  of  this  question 
should  fpve  place  to  tlm  miidcni  doctrine.  Pint,  because  uf  tlte  rediscovery  ol 
the  idea  of  mecbaniem,  nnthout  which  predictive  scieuoe  had  been  virtually  un- 
puosible.  The  second  rt^uoo  for  reducing  tlic  sccondar>'  qualitii'S  lo  a  luerdy 
subjective  ststus  lay  in  tlio  fact  that  they  are  much  more  dependent  tliaa  liw 
primary  quaUtiee  upon  the  bodily  organi.im  of  the  one  who  perceives  tbon. 
Id  elo^ng  Profeasor  Montague  said:  — 

"I  wish  in  cloung  to  point  out  tvo  conw!()uejtces  of  the  view  which  I  have 
been  opposing,  first,  the  prrvrnt  iMtrAtloxicol  status  of  the  ei^nial  wurid;  second, 
the  equally  paradoxical  status  of  the  relatiou  of  tliat  world  to  the  world  of  mind. 
I3»rkeley  was  tlie  first  thinker  clearly  to  penx-ivu  tlie  unsubstantial  oaturu  of  a 
world  made  up  solely  of  primary  qualttiecL  Indeed,  in  the  lost  analysis,  n  world 
of  primary  qualities,  and  nothin|;  ebe,  is  a  world  of  relations  without  Cerms,  a 
RMNnetrical  fiction,  tbo  objective  (or,  for  tliat  matter,  tbe  subjective)  existcpes 
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of  which  the  idealist  would  be  right  in  denying.  In  Biology  we  have  abandoned 
obscurantiBt  methods,  and  no  longer  attribute  the  distinctive  vital  functions  of 
growth  and  reproduction  to  a  vital  force  or  vital  substance,  but  solely  to  the 
peculiar  configuration  of  the  material  elements  of  a  cell.  Why  may  we  not  in 
psychology  with  equal  propriety  attribute  the  distinctively  psychical  ftmctions 
of  subjectivity  or  consciousness,  not  to  the  action  of  a  hyper-psychical  soul-sub- 
stance, nor  to  the  presence  of  a  transcendental  ego,  but  «mply  to  that  peculiar 
configuration  of  sensorv  elements  which  constitutes  a  what  we  call  psychoMS?  " 
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Retiffion  and  ita  Etiientiat  CharaetrriiOin;  fteli^out  I'hilatotAj/  upon  HU- 
larienl  Foundation;  &nd  atfttty  ntlier  workit  rmiI  pppcn  on  Theology.] 

In  order  to  answer  thi.s  qiiestion,  we  need  to  consider  a  prelimi- 
nary question,  namely,  whether  religion  cnn  be  regnrded  aa  the 
object  of  scientific  knowledge  in  the  same  manner  as  other  processes 
of  the  intellectiiul  life  of  the  race,  such  aa  law,  historj",  and  art.  It 
is  well  knoM'D  that  this  question  has  not  always  received  an  affirm- 
ative answer,  and  indeed  it  can  never  be  answered  in  the  affirmative 
so  long  ns  the  fwi^ition  \s  maintained  that  the  only  religion  is  that  of 
the  Christian  t'hurcli,  whose  doctrines  and  teachings  rest  upon  an 
immediate  divine  revelation,  and  that  these  must  be  accepted  by 
men  in  blind  belief.  Under  the  position  of  an  authoritative  ncclt^iaa- 
tical  faith  there  can  indeed  exist  a  theoretical  con-sideration  of  the 
doctrines  of  faith,  as  it  was  the  case  with  the  scholastic  theology 
of  the  iVIiddle  Ages,  which  with  great  earnestness  sought  to  harmon- 
ize faith  and  kuowledge;  neverthelesii,  no  one  of  the  present  day 
would  give  to  the  scholastic  (heoIog>-  the  name  of  science  with  the 
modern  meaning  of  the  t^-'mi  science.  The  scholastic  theology  used 
great  furmal  acuteness  and  skill  in  the  work  of  defining  and  defend- 
ing ecolesiatftical  traditions,  still  there  was  lacking  that  which  for 
U9  ta  the  essential  coiuHliou  of  scientific  knowledge,  the  fr'>e  examin- 
alioD  of  tradition  according  to  the  laws  of  human  tln^ught  and  the 
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analog>-  of  the  general  experience  of  humanity.  The  grcot  hindrance 
to  the  progress  of  the  knowledge  of  religion  was  the  accepted  posi- 
tion that  the  truth  of  the  eccleeiastical  doctrines  was  beyond  human 
reason  and  outside  of  human  examination,  since  their  truth  rented 
upon  an  immediate  divine  revelatiun.  Whether  this  supernatural 
authority  was  asciibed  to  the  Church  or  the  Bible  makes  very  little 
diflference,  for  in  either  case  the  assumption  of  such  un  authority 
is  a  hindrance  to  the  free  examination  of  that  which  claims  tu  be  the 
divine  revealed  truth. 

But  is  this  assumption  really  justifiable  in  the  nature  of  the  case? 
Do  the  doctrines  of  the  Church  rest  upon  a  supernatural  divine 
revelation?  So  soon  as  this  question  was  really  earnestly  considered, 
and  the  thinking  mind  could  nut  always  avoid  the  considrmtioii, 
then  there  was  revealed  the  inadequacy  of  the  assumption.  Two 
waj-B  of  examination  led  to  a  common  critical  result,  the  philosophical 
analysis  of  the  religious  consciousness  and  the  historical  comparison 
of  various  religions.  The  first  to  enter  upon  these  viays  and  at  the 
same  time  to  become  the  founder  of  the  modem  science  of  religion 
was  the  keen  Scotch  thinker  David  Hume.  Truly  the  thought  of 
Hume  was  still  a  one-sided,  dimirganizing  skepticism;  even  as  hta 
theory  of  knowledge  disturbed  the  truth  of  all  our  previous  common- 
sense  opinions  and  conceptions,  so  also  his  philosophy  of  religion 
sought  to  demonstrate  that  all  religion  cannot  Ijc  proved  and  is  full 
of  doubt,  and  that  the  origin  of  religion  was  neither  to  be  found  !n 
divine  revelation  nor  in  the  reason  nf  man,  but  in  the  passions  of, 
the  heart  and  in  the  illusions  of  imagination.  As  unsatisfactory  aa 
this  result  was,  nevertheless  it  gave  an  important  advance  to  the 
rational  study  of  religion  in  two  directions,  in  that  of  religion  being 
ao  experience  of  the  inner  life  of  the  soul  and  in  that  of  religion 
being  a  fact  of  human  history. 

Kant  added  the  positive  criticism  of  reason  to  the  negative  skep- 
ticism of  Hume;  that  is,  Kant  showed  that  the  human  intellect 
moved  independently  in  the  formation  of  theoretical  and  practical 
judgments,  and  that  the  various  materials  of  thought,  dtsire.  and 
feelings  werc>  regulated  by  the  intellect  according  to  innate  original 
ideas  of  the  true  and  good  and  beautiful.  Tlius  as  a  natural  result 
there  came  the  couecption  that  the  doctrines  of  belief  arose  not  as 
complete  truths,  giveo  by  divine  revelation,  but,  like  cvoy  other 
fonn  of  conscious  knowledge,  these  came  to  us  through  the  acti'vity 
of  our  own  mind,  and  that  therefore  these  doctrines  cannot  be  re- 
garded as  of  ab8Dlul«  authority  for  all  time,  but  that  we  are  to  seek 
to  understand  tJieir  origin  Id  historical  and  psycluoal  motives.  So 
far  as  one  looked  at  the  ceremonial  forms  of  positive  religion,  these 
motives  iiid(.-ed  were  found  according  to  Kant  in  irrational  concep- 
tions, but  as  far  as  the  essence  of  religion  was  concerned  they  were 
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rather  found  to  be  rooted  in  the  moral  nature  of  man.  This  is  the 
consciousness  of  obligation  of  the  practical  reason  or  of  the  con- 
science, which  raises  man  to  a  faith  in  the  moral  government  of  the 
world,  in  immortality  and  God.  With  the  reduction  of  religion 
from  all  external  forms,  doctrines,  and  ceremonies  and  the  finding 
of  the  real  essence  of  religion  in  the  human  mind  and  spirit,  the  way 
wsm  opened  to  a  knowledge  of  religion  free  from  all  external  authority. 
Those  philosophers  who  came  after  Kant  followed  essentially  this 
course,  though  here  and  there  they  may  separate  in  their  opinions 
accordinR  to  their  thought  of  the  psychological  function  of  religion. 
When  Kant  had  emphasized  the  close  connection  between  religion 
and  the  moral  obligation,  then  came  Schlcienuacher,  who  empha- 
sized the  feeling  of  our  dcpeiidenco  upon  the  Eternal,  nnd  who  sought 
to  find  the  explanation  of  all  religious  thoughts  and  conceptions 
in  the  many  relations  of  the  feeling  to  rcHgioua  experience.  Hegel 
on  the  other  hand  sought  the  truth  of  religion  in  the  thought  of  the 
absolute  spirit  as  found  in  the  finite  spirit.  Thus  Hcgc!  made  n^li- 
gion  a  sort  of  popular  phtlosf)phy. 

At  present  all  agrt^e  that  all  sides  of  the  sou14ifc  have  part  in 
religion;  now  one  sadc  may  be  the  more  prominent,  now  another, 
according  t.o  the  peculiarity  of  certain  religions  or  the  individual 
temperaments.  The  philosophy  of  religion  has.  in  common  with 
scientific  psychology,  the  quc^ttion  of  the  relation  of  feeling  to  the 
iatellect  and  the  will,  and  as  yet  there  may  be  many  vievrs  of  tliii 
question.  Altogether  the  philosophy  of  religion  is  looking  for  im- 
portant solutions  to  many  of  its  problems  from  the  realm  of  the 
present  scientific  psychology.  Experiences,  such  as  religious  con- 
vcreions,  appear  under  this  point  of  view  as  ethical  changes  in  which 
the  aim  of  a  personal  life  is  changed  from  a  carnal  and  selfish  end  to 
that  of  a  spiritual  and  altruistic  purpose.  These  arc  extraordinary 
and  seemingly  supernatural  processes;  nevertheless  in  them  there 
can  still  be  found  a  certain  development  of  the  soul-life  according 
to  law.  Modem  ps^'chology  especially  has  thrown  light  ujvin  the 
abnormal  conditions  of  consciousness  which  have  so  often  been  made 
manifest  in  the  religious  experience  of  all  times.  That  which  reli^ous 
hiatory  records  concerning  inspiration,  \iaions.  ecstasy,  and  revelation, 
we  now  classify  with  the  well-known  appearances  of  hypnotism, 
the  induction  of  conceptions  and  motives  of  the  will  through  foreign 
suggestion  or  through  self -miggest ion,  of  the  division  of  conscious- 
ness in  different  egos,  and  in  the  union  of  several  consciousnesses 
into  one  common  mediumistie  fusionof  thought  and  will.  Tlte  explan- 
ation of  these  experiences  may  not  yet  be  satisfactory,  but  never^ 
theleSB  we  do  not  doubt  the  possibility  of  a  future  explanation  from 
the  general  laws  controlling  the  life  of  the  soul.  The  fact  that  we  can 
through  p9>'chological  experiments  produce  such  abnormal  conditions 
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of  consciousness  justifies  us  in  tatdng  the  poeilton,  that  certain 
psychical  laws  are  at  the  foundation  of  these  conditions  which  in 
their  kind  are  as  natural  and  regular  in  their  functions  as  the  physicBl 
laws  which  wc  observe  in  physical  experitnenta.  These  uolutions 
which  modem  psychology  so  far  has  given,  and  hopes  still  further 
lo  give,  are  of  great  importance  to  the  plulosophy  of  religion.  They 
arc  an  indorsement  of  the  general  principle  which  one  hundred  years 
ago  had  been  advanced  by  critical  speculation,  namely,  that  in  all 
experiences  of  the  religious  hfe  the  sAme  principles  which  control 
the  human  mind  in  all  other  intellectual  and  emotional  fields  shall 
hold  sway.  Nothing  therefore  should  hinder  us  in  scientific  research 
from  following  the  well-defined  masima  of  thought,  and  unreservedly 
applying  the  same  me(h<Hls  of  scientific  analysis  in  theology  aa  is 
done  generally  in  the  other  sciences. 

The  claim  of  the  Church  to  infallibility  and  divine  inspiration  of 
ita  dogmas  is  weakened  under  this  view  of  the  work  of  the  philosophy 
of  religion.  Prophetical  inspiration  and  ecstasy,  which  usually  were 
thought  to  be  supernatural  revelations,  are  now  declared  by  the 
present  psychology  to  come  under  the  category'  of  other  analogous 
experiences,  such  as  the  action  of  mental  powers  which,  under  definite 
conditions  of  individual  gifts  end  on  historical  occasions,  have 
manifested  themselves  in  extraordinary  fomw  of  consciousness. 
However,  these  enthusiastic  forms  of  prophetical  consciousness 
cannot  be  accepted  for  a  higher  form  of  knowledge  or  even  as  of 
divine  origin  and  as  an  infallible  proclsmatinn  of  the  tnith;  on  the 
contrarj*,  these  forms  are  to  be  judged  as  pathological  appearances, 
which  may  be  more  harmful  than  beneficent  for  the  ethical  value 
of  the  prophetical  int\iition.  At  least,  it  has  come  to  pass  that  all 
forms  of  revelation  must  come  under  the  examimition  of  a  psycho- 
logical analysis  and  of  an  analogical  judgment.  Hence  their  tradi- 
tional nimbus  of  unique,  supernatural,  and  absolute  authority  is  for 
■U  lime  destroyed. 

We  are  carried  to  the  same  result  by  the  comparative  study  of  the 
historj*  of  religions.  The  study  shows  U3  that  the  Christian  Church . 
with  its  dogma  of  the  divine  inspiration  of  the  Bible,  does  not  stand 
alone;  that  before  and  after  Christianity  other  religions  made 
exactly  the  anme  rlaims  for  their  saered  scriptures.  By  the  pious 
Brahman  the  Veda  is  regarded  as  infallible  and  eternal;  lie  believes 
the  hymns  of  the  old  seers  were  not  composed  by  the  seers  them- 
selves, but  were  taken  from  an  original  copy  in  heaven.  The  Buddhist 
sees  in  the  sannga  of  his  sacred  hook  '"  Dhammapadam  "  the  exact 
inheritance  of  the  infallible  words  of  his  omniscient  teacher  Buddha. 
For  the  confessor  of  Ahurnmanda  the  Zendavesta  eont-ains  the 
scriptural  revelation  of  the  good  spirit  unto  the  prophet  Zarathustra; 
according  to  the  rabbis  the  laws  revealed  unto  Moses  on  Mount  Sinai 


RETJOION  AND  THE  OTHKR  SCIENCES 


2«7 


were  even  before  the  creation  of  the  worid  the  object  of  the  oljeerva- 
tion  of  God;  for  the  faithful  Mohammedan  the  Koran  is  the  copy 
of  an  ever-present  original  in  heaven,  the  contents  of  which  were 
dictated  word  for  word  to  Mohammed  by  the  angel  Gabriel.  Whoever 
ponders  the  similar  claims  of  all  these  religions  for  the  infallibility  of 
their  eacred  books,  to  him  it  becomee  difHcult  to  hold  the  dogma 
of  tihe  Christian  Church  concerning  the  inspiration  and  infallibility  of 
the  Bible  as  alone  true  and  the  similar  dogmas  uf  other  rehgions 
as  being  false.  Rather  he  will  accept  the  view  that  in  all  these  ex- 
amples there  are  found  the  same  motives  of  the  religious  mind^  thai 
here  is  given  an  expresaion  tu  the  same  ne<d  common  to  all  seeking 
for  an  absolute  and  abiding  basis  for  their  faith. 

The  study  of  the  coniparisun  uf  religions  has  diacovertHJ  in  religions 
other  than  that  of  Christianity  many  very  striking  parallels  to  many 
narratives  and  teachings  of  the  Bible.  It  may  be  welt  to  recall  very 
briefly  some  of  the  important  point«.  Owing  to  the  fact  that-  the 
Assyrian  cuneiform  writings  have  now  been  deciphered,  there  has 
been  found  a  story  of  the  crcaUon  which  has  many  characteristics 
in  common  with  tboKc  of  the  Bible.  There  is  found  a  story  of  a  flood, 
which  in  its  very  details  can  be  regarded  as  the  forcruimer  of  the 
story  of  the  flood  in  the  Bible.  There  have  been  found  Assyrian 
penitential  psalms,  which,  in  consciousness  of  guilt  and  in  (earnest- 
nese  of  prayer  for  forgiveness,  can  well  be  compared  uith  many 
psalms  of  the  Bible.  Recently  the  Code  of  the  Assyrian  King  Ham- 
murabi, who  reigned  two  thousand  three  hundred  years  before 
Christ,  has  been  discovered.  The  similarity  of  this  Code  with  many 
of  the  early  Mosaic  Law^  has  called  general  attention  (o  this  fact.  In 
the  Persian  religion  there  are  found  teachings  of  the  Kingdom  of  God, 
of  the  good  spirits  who  surround  the  throne  of  God.  of  the  Spirit 
hostile  to  God  and  of  an  armv  of  his  demons,  of  the  judgment  of  each 
soul  after  death,  of  a  heaven  with  eternal  Ught  and  of  the  dark 
abyss  of  hell,  of  the  future  struggle  of  the  multitudes  of  good  and  bad 
spirits  and  the  \'ictory  over  the  bad  through  a  di^'ine  hern  and 
saviour,  of  the  general  resurrection  of  the  dead,  of  the  awful  destnjc- 
tion  of  the  world  and  the  creation  of  a  new  and  better  world.  — 
teachings  which  are  also  found  in  the  later  Jewish  thcologi,'  and  apo- 
calypse, so  that  the  acceptance  of  a  dependence  of  Jewish  upon 
corresponding  Persian  teaching  can  hardly  be  avoided.  Also  Grecian 
influence  is  oljserved  in  later  Jewish  literature,  in  proverbs,  in  the 
wisdom  of  Solomon  and  the  Son  of  Sinicb:  especially  in  the  Alex- 
andrian Jewish  theology  are  found  Platonic  thoughts  of  an  eternal. 
ideal  woHd,  of  the  heavenly  home  of  the  soul,  and  the  Stoic  concep- 
tion of  a  woHd-ruling  divine  Xxigos. 

It  is  from  this  source  that  the  Logos  to  which  Fhilo  had  already 
ascribed  the  loeaning  of  the  Son  of  God  and  Uie  Bringer  of  a  divine 
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revelation  crossed  over  into  Christian  theology  and  became  (he 
foundation  of  the  dc^ma  of  the  Church  concerning  tiie  person  of 
Christ.  Of  still  greater  importance  than  even  all  this  was  the  opening 
of  the  Indian  and  especially  the  Buddhistic  religious  writings.    In 
these  we  have,  five  hundred  years  before  Chriatianity,  the  revelation 
of  redemptive  religion,  resting  upon  the  ethical  Foundation  of  the 
ebncgution  of  self  and  the  withdrawal  from  the  world.   In  the  centre 
of  this  religion  is  Gautama  Buddha,  the  ideal  teacher  of  redeeming 
truth,  whoso  human  life  was  adorned  by  the  faith  of  his  followers 
with  a  crown  of  wonderful  legends;  from  an  abode  in  heaven,  out  of 
mercy  to  the  worid,  he  descended  into  the  worid,  conceived  and 
bom  of  a  virgin  mother,  greeted  and  entertained  by  heavenly  spirits, 
recognized  beforehand  by  a  pious  seer  as  the  future  redeemer  of  the 
world;  as  a  youth  he  manifested  a  wisdom  beyond  that  of  his  teachers. 
Then  after  the  reception  of  an  illuminating  revelation,  he  victoriously 
ovefcomcs  the  temptation  of  the  devil,  who  would  cause  him  to  be- 
come faithless  to  his  call  to  redemption.   Then  he  begins  to  preach 
of  the  coming  of  the  Kingdom  of  Justice,  and  sends  forth*  his  dis- 
ciples, two  by  two,  as  messengers  of  his  gospol  to  all  people.  Alttiough 
he  decJAres  that  it  is  not  his  calling  to  perform  miracles,  neverthe- 
less the  l^ends  indeed  tell  how  many  sick  were  healed,  how  with  the 
oonteats  of  a  small  basket  hundreds  were  fed,  how  possessed  of  all 
knowledge  he  reveals  hidden  things;  how  overcoming  the  limitations 
of  space  and  time,  swaying  in  the  air,  being  transfigurnd  in  a  heavenly 
light,  he  reveals  himself  to  his  disciples  just  before  his  death.    And 
at  last,  in  the  faith  of  his  followers,  having  passed  from  the  position 
of  a  human  teacher  to  that  of  an  eternal  heavenly  spirit  and  lord 
of  the  worid,  he  is  exalted  as  the  object  of  prayer  and  reverence,  to 
many  millions  of  the  human  race  in  Southern  and  Rastem  Asia. 

It  is  hardly  po8»ble  that  the  knowledge  of  tliis  parallel  from  India 
to  the  New  Testament,  and  of  the  Babylonian  and  Persian  parallel 
to  the  Old  Testament,  can  be  without  influence  upon  the  religious 
thought  of  Christian  people.  Although  we  may  be  ever  so  much 
convinced  oonccming  the  essential  superiority  of  our  religion  over 
all  other  religions,  nevertheless  the  dogmatic  contrast  between  abso- 
lute truth  on  the  one  side  and  complete  falaity  on  the  other  can  no 
more  be  maintained.  In  place  of  this  view  there  must  enter  the  view 
of  a  relative  grade  of  differences  between  the  higher  and  lower  stages 
of  development.  No  longer  can  we  see  in  other  religions  only  mis- 
takes and  fiction,  but  under  the  husk  of  their  legends  many  precious 
kernels  of  truth  must  be  seen,  expressions  of  inner  religious  feelings 
and  of  noble  ethical  sentiments.  One  abould  therefore  accept  the 
position  not  to  object  to  the  same  discrimination  between  husk  and 
kernel  in  the  matter  of  one's  own  religion,  and  to  recognise  in  its 
inherited  traditions  and  dogmas  l^endaiy  elements,  the  explanation 


RELIGION  AND  THE  OTHER  SCIENCES 


S99 


of  which  is  to  be  found  in  psychical  motives  and  in  historical  sur- 
roundings, even  as  they  are  found  in  the  corresponding  parts  of 
religions  other  than  the  Christian  religion.  Therefore  the  historical 
comparison  of  religions  lakes  us  away  from  an  absolute  dogmatic 
positivism  to  a  relative  evolutionary  manner  of  study,  placing  all 
religions  without  exception  under  the  laws  of  time  progression  and 
under  the  causal  connection  of  the  law  of  cause  and  effect.  The 
isolation  of  religion  therefore  is  no  more.  It  is  regarded  as  being 
a  part  of  other  human  historical  affairs,  and  must  yield  to  the  test  of  a 
thorough  unhindered  researeh.  The  value  of  the  Christian  religion 
can  never  suffer  in  the  view  of  a  reasonable  man,  when  it  is  not  ac- 
cepted in  blind  faith,  but  as  the  result  of  discriminating  comparison. 

As  the  evolutionary  philosophy  of  religion  uses  the  method  of 
science  without  exception  in  the  case  of  all  historical  religions,  so 
also  it  does  not  shrink  from  taking  up  the  question  of  the  beginning 
of  religion,  but  believes  that  here  also  is  found  the  key  in  the  ana- 
lytical, critical,  and  comparative  method.  And  here  is  found  the 
assistance  of  the  comparative  study  of  languages,  ethnology,  and 
paleontotng}'. 

TTic  celebrated  Sanscrit  scholar,  Max  Miiller,  sought  in  the  com- 
parative study  of  mythology  to  prove  the  etymological  relation  of 
many  of  the  Grecian  gods  and  heroes  with  those  of  the  mythology 
of  India  and  to  trace  the  common  origin  of  all  these  mythical  beings 
and  legends  in  the  personification  of  the  movements  of  the  heavenly 
bodies,  the  thunder  and  lightning,  the  tempest  and  the  rain.  All 
mythical  belief  in  gods  of  the  Indo-Oermanic  peoples  seems  to  have 
arisen  out  of  a  poetical  view  and  dramatic  personification  of  the 
powers  of  nature.  Suggestive  as  this  hypothesis  is,  it  is  not  by  any 
means  sufficient  to  give  us  a  complete  explanation  of  the  subject- 
In  fact,  others  have  shown  that  primitive  religion  does  not  altogether 
consist  in  mythical  conceptions,  but  mainly  in  reverential  actions, 
sacrifices,  aacramenia,  vows,  and  other  similar  cults,  which  have 
very  little  to  do  with  the  atmospherical  powera  of  nature,  but  rather 
with  the  social  life  of  primitive  people.  And  when  once  the  sight 
was  clearly  directed  to  the  social  meaning  of  the  religious  ritea,  it  was 
then  observed  that  even  the  earliest  legends  concerning  the  gods 
were  connected  far  more  closely  with  the  habits  and  customs  of 
early  society  than  with  the  facts  of  nature.  T>-lor's  celebrated  book 
concerning  "Primitive  Ci\'ilization "  is  written  from  this  standpoint, 
an  epoch-making  book,  showing  the  original  close  connection  of 
religion  with  the  entire  civiliMtion  of  humanity,  with  the  views  of 
life  and  death,  the  social  customs,  the  forms  of  law,  their  strivings  in 
art  and  science;  a  book  with  a  large  amount  of  information,  brought 
together  from  observation  on  all  sides.  In  this  channel  are  found  all 
the  researehea  which  to-day  are  classified  under  the  name  of  Folk- 
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lore;  seeking  to  guther  the  still  existing  oharacteriatic  cuatoms  and 
forms,  legends,  stories,  and  sayings,  in  order  to  compose  these  and  to 
discover  the  survivals  of  earliest  religion^  poetry,  and  civilization  of 
humanity.  The  gain  of  this  study  pursued  with  so  great  diligence  Is 
not  to  be  underrated.  These  studies  show  that  all  that,  which  at  one 
time  existed  as  faith  in  the  spirit  of  humanity,  possessed  within  its 
very  nature  the  strongest  powe-r  of  continuance,  so  that  in  new  and 
strange  conditions  and  in  other  forms  it  continued  to  remain.  Under 
all  changes  and  progress  of  history  tliere  is  still  found  an  UDbroken 
connection  of  constant  development. 

As  important,  however,  as  the  possession  of  a  general  knowledge 
of  historical  forms  of  development  is  to  the  philosophy  of  religion, 
nevertheless  the  pofisossion  of  this  knowledge  is  not  wholly  a  fulfill- 
ment of  the  purpose  of  the  philosophy  of  religion.  To  undcrstaind  a 
development  meiina  not  merely  to  know  how  one  thing  follows  as  the 
result  of  the  other,  but  also  to  understand  the  law  which  lies  at  the 
foundation  of  all  empirical  changes  and  at  the  same  time  controls 
the  end  of  the  development.  If  this  principle  holds  good  in  th»' 
understanding  of  the  development  in  the  processee  of  nature,  much 
more  does  the  principle  hold  good  in  understanding  the  processes  of 
intelleotual  development  of  humanity,  which  have  for  us  not  only 
a  theoretical,  but  at  the  same  time  an  eminently  practical  interest. 
The  philosopher  of  religion  sees  in  religious  history  not  merely  the 
coming  together  of  similar  forms,  but  an  advance  from  the  lowest 
stage  of  childlike  ignorance  to  an  ever  purer  and  richer  realisation 
of  the  idea  of  religion,  a  divinely  ordained  progress  for  the  education 
of  humanity  from  the  slavery  of  nature  to  the  freedom  of  the  spirit. 
The  question  now  arises:  where  do  we  find  the  principle  and  law  of 
this  ever-rising  development?  \\'here  do  we  find  the  measure  of 
judgment  for  the  relative  value  of  religious  appearances?  It  is  clear 
that  the  general  principle  of  the  complete  development  cannot  be 
found  in  a  single  fact  which  is  only  one  of  the  many  manifestations 
of  the  general  principle,  and  it  is  just  as  clear  that  the  absolute 
norm  of  judgment  is  not  found  in  a  single  fact  always  relati\'e. 
preeentiug  to  us  the  object  of  judgment  and  therefore  being  impos*^ 
sible  to  stand  as  the  norm  of  judgment.  Thcrt-'foiv  the  principle  o( 
religious  development  and  the  nonn  of  its  judgment  can  only 
found  in  the  inner  b>  ing  of  the  spirit  of  humanity,  namely,  in  the' 
necessary  striving  of  the  mind  into  an  harmonious  arrangement  of 
all  our  conceptions,  or  the  idea  of  the  truth,  and  into  the  complete 
order  of  all  our  piu^wses,  or  the  idea  of  the  good.  These  ideas  nnit6j 
in  the  highest  unity,  in  the  Idea  of  God.  Therefore  the  consciousnt 
of  God  is  the  revelation  of  the  original  iruiate  longing  of  reason  after 
complete  unity  as  a  principle  of  universal  harmony  and  conpistence  In 
all  our  thinking  and  willing.  Hence,  in  the  first  place,  ari&es  the  result 
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that  the  development  of  the  coDscLousiieBB  of  Uod  in  the  hiatory  of 
religion  ts  always  dependent  upon  the  existing  conditions  of  the  two 
united  sides,  the  theoretical  perception  of  the  truth  and  the  moral 
standard  of  life.  In  the  second  place  the  result  arises  that  the  judg- 
ment of  the  value  of  all  appearances  in  the  history  of  religion  depends 
as  to  whether  and  how  far  these  appearances  agree  with  the  idea  of 
the  true  and  the  good,  and  correspond  with  the  demands  of  reason 
and  conscience.  That  science  wliich  is  engaged  with  the  idea  of  the 
good  we  name  Ethics;  that  which  Is  engaged  with  the  last  principles 
of  the  perception  of  truth,  using  the  expression  of  Aristotle,  we 
may  name  Metaphysics,  or  following  Plato  —  Dialectic.  Recognizing 
then  in  the  idea  of  God  Ihe  synthesis  of  the  idea  of  the  true  and  the 
good,  the  philosophy  of  religion  is  closely  related  with  both,  Ethics 
and  Metaphysics. 

At  present  the  relation  of  religion  to  morality  is  an  object  of  much 
controversy.  ITiere  are  many  who  hold  thai  morality  without  religion 
ia  not  only  possible  but  also  very  desirable;  since  they  are  of  the 
opinion  that  moral  strength  is  weakened,  the  will  is  without  freedom, 
and  its  motives  corrupted  on  account  of  religious  conceptions.  On 
the  other  hand,  the  Church,  considering  the  experience  of  history, 
finds  that  religion  has  ever  proved  itself  to  be  the  strongest  and  most 
necessary  aid  to  moraUty.  In  thb  contest  the  philosophy  of  religion 
occupies  the  position  of  a  judge  who  is  called  upon  to  adjust  the  rela- 
li\'e  rights  of  the  parties.  The  philosophy  of  religion  brings  to  light 
the  historical  fact  that  from  the  very  beginnings  of  human  civilization, 
social  life  and  morality  were  closely  connected  with  religious  con- 
ceptions and  usages,  and  indeed  always  so  interchangeable  in  their 
influence  that  the  position  of  social  civilisation  on  the  one  side  cor- 
responded with  the  position  of  religious  civilization  on  the  other, 
juet  AS  the.  water-level  in  two  communicating  pipes.  Therefore  it 
follows  that  it  is  unjust  and  not  historical  to  blame  religion  on  ac- 
count of  the  defects  of  a  national  and  temporal  morality;  for  these 
dcfccfa  of  morality,  with  the  corresponding  errors  of  religion,  find  a 
common  ground  in  a  low  stage  of  development  of  the  entire  civiliza- 
tion of  the  people  of  the  time  and  age.  Further,  it  becomes  the  task 
of  the  philosophy  of  religion  to  examine  whether  this  correspondence 
of  religion  and  morality,  recognised  in  history,  is  also  found  in  the 
very  nature  of  morality  and  religion.  This  question  in  the  main  is 
answered  without  doubt  in  the  affirmative,  for  it  is  clear  that  the 
religions  feeling  of  dependence  upon  one  all-ruling  power  ia  well 
adapted  not  only  to  make  keen  the  moral  consciousness  of  obligation 
and  to  deepen  the  feeling  of  responsibihty.  but  also  to  endow  moral 
courage  with  power  and  to  strengthen  the  hope  of  the  solution  of 
moral  purposes.  The  clearer  religioua  faith  comprehends  the  rela- 
tion of  man  to  God,  so  much  the  more  will  that  faith  prove  itself  aa 
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a  strong  motive  and  a  gr«at  incentive  of  the  moral  life.  Such  a  con- 
ception will  not  make  the  moral  will  unfree  but  truly  free,  not  in  the 
sense  of  a  selfisli  choice,  but  in  the  sense  of  a  love  that  8er\'es.  knowing 
itself  as  an  instrument  of  the  diNine  will,  who  binds  us  all  into  a 
social  organism,  the  kingdom  of  God.  And,  on  the  other  band .  the 
more  ideal  the  moral  view  of  life,  the  higher  and  greater  it«  aims, 
the  more  it  recognizes  its  great  task  to  care  for  the  welfare  not  only 
of  the  individual  but  of  all,  to  cooperate  in  the  welfare  and  develop- 
ment of  all  forms  of  society,  the  more  earnestly  the  moral  mind  will 
need  a  sincere  faith  that  this  is  God's  world,  that  above  all  the 
changes  of  time  an  eternal  will  is  on  the  throne,  whose  all-wise  guid- 
ance causes  everything  to  be  for  the  best  unto  those  who  love  him. 
A  like  middle  position  of  arbitration  falls  to  the  philosophy  of 
religion  in  the  matter  of  the  relation  of  religion  to  science.  The 
first  demand  of  science  is  freedom  of  thought,  according  to  its  own 
logical  laws,  and  its  fundamental  assumption  is  the  possibility  of 
the  knowledge  of  the  world  on  the  basis  of  the  unchangeable  laws 
of  all  existence  and  events.  With  this  fundamental  demand  science 
places  ilaelf  in  opfH>sition  to  the  forma]  character  of  ecclesiastical 
doctrine  bo  far  as  the  doctrine  claims  infallible  authority  resting 
upon  a  divine  revelation.  And  the  fundamc-ntal  assumption  of  the 
regular  law  of  the  course  of  the  worid  is  in  opposition  to  the  content 
of  ecclesiastical  doctrine  concerning  the  miraculous  interposition 
in  the  course  of  nature  and  of  history.  To  the  superficial  observer 
there  appears  therefore  to  exist  an  irreconcilalite  conflict  between 
science  and  religion.  Hero  is  the  work  of  the  philosophy  of  religion, 
to  take  away  the  appearance  of  an  irreconcilable  opposition  between 
science  and  religion,  in  that  the  philosophy  of  religion  teaches  firat 
of  all  to  distinguish  between  the  essence  of  religion  and  the  ecclesiaa- 
tical  doctrines  of  a  certain  religion,  and  to  comprehend  the  historieal 
origin  of  these  doctrines  in  the  forms  of  thought  of  past  times.  To 
this  purpose  the  method  of  psychological  analysis  and  of  historical 
comparison  mentioned  above  is  of  service.  When,  then,  by  this 
critical  process  religion  is  traced  to  its  real  essence  in  the  emotional 
coDSclousnest)  of  God,  to  which  the  dogmatic  doctrines  Btand  as^ 
secondary  products  and  varied  symbols,  then  it  remains  to  shoi 
that  between  the  essence  of  religion  and  that  which  science  demands 
and  presupposes,  there  exists  not  conHict  but  harmony.  When  the 
idea  of  God  is  recognised  as  the  s^'nthesis  of  the  ideas  of  the  tnie 
and  the  good,  so  then  must  all  truth  as  sought  by  science,  even  as  the 
highest  good,  which  the  system  of  ethics  places  as  the  purpose  of  all 
action  —  these  must  be  recognited  as  the  revelation  of  Ood  in  his 
eternal  reason  and  goodness.  The  laws  nf  our  mtional  thinking 
then  cannot  be  in  conflict  with  divine  revelation  in  history,  and  the 
laws  of  tiie  natural  order  nf  the  world  can  no  mora  stand  in  conflict 
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with  the  world-governing  Omnipotence;  but  both,  the  laws  of  our 
thinking  and  those  of  the  real  n'orld.  reveal  themselves  as  the  har- 
monious revelations  of  the  creative  reason  of  God,  which,  aecording 
to  Plato's  fitting  word,  is  the  efficient  ground  of  being  as  wcti  as  of 
knowing.  It  is  therefore  not  merely  a  demand  of  reUgious  belief  that 
there  is  real  truth  in  our  God-oomsciousness.  that  there  should  be 
an  activity  and  revelation  of  God  himself  in  the  human  mind;  it  is 
also  in  the  samv  manner  a  demand  of  science  considering  it&  last 
principles,  that  the  world,  in  order  to  be  known  by  us  as  a  rational. 
reguIat<Kl  order,  must  have  for  its  principle  an  eternal  creative 
reason.  Long  ago  the  old  master  of  thinkini;,  Ariittotle,  recognized 
this  fact  clearly,  when  he  said  that  orderin  the  u-orld  without  a  prin- 
ciple of  order  could  be  as  little  thinkable  as  the  order  of  an  army 
without  a  rommflnding  general. 

But  while  it  is  true  that  science,  as  the  ground  of  the  po«abiUiy 
of  its  knowledge  of  the  truth,  must  presuppose  the  same  general 
principle  of  intellectual  knowledge  which  religion  has  as  the  object 
of  its  practical  belief,  then  by  principle  the  apprehension  is  excluded 
that  any  possible  progress  on  the  part  of  science  in  its  knowledge 
of  the  world  can  ever  destroy  religion.  We  are  rather  the  more 
ju.^tific<l  in  the  hope  that  all  true  knowledge  of  science  will  be  a  help 
to  religion,  and  viW  ser\-e  as  the  means  of  punfying  religion  from  the 
dro«9  of  superstition. 

Truly  it  can  easily  be  shown  that  a  divine  government  of  the 
world  breaking  through,  and  now  and  then  suspending  the  regular 
order  of  nature  through  miraculous  intervention,  would  not  he  more 
majfstic,  but  far  more  limited  and  human,  than  such  a  government 
which  reveals  itself  as  everywhere  and  always  the  same  in  and 
through  its  own  ordained  laws  in  the  world.  -\nd  again,  that  n 
revelation  prescribing  secret  and  incomprehensible  doctrines  and 
rit«8,  demanding  from  humanity  a  blind  faith,  would  far  less  be  in 
harmony  mth  the  guiding  wisdom  and  love  of  God,  and  far  leas 
could  work  for  the  intellectual  Uberty  and  perfection  of  humanity. 
than  such  a  revelation  which  is  working  in  and  through  the  reason 
Land  conscience  of  humamty.  and  is  realising  its  purpose  in  the  pro- 
Lgressive  development  of  our  intellectual  and  moral  capacities  and 
powers.  Wnen  therefore  science  raises  critical  misgivings  against 
the  supernatural  and  irrational  doctrines  of  pi>Bitive  religion,  then 
the  real  and  rightly  understood  interests  of  religion  are  not  harmed 
but  rather  advanced;  for  this  criticism  serves  religion  in  helping 
it  to  become  free  from  the  unintellectual  inheritance  of  its  early 
days,  in  helping  religion  to  consider  its  tnie  intellectual  and  moral 
ice,  and  to  bring  to  a  full  display  all  the  biraacd  powers  which 

concealed  within  its  nature,  to  press  thmufih  the  narrow  walls  of 

ccclesiasticism  out  into  the  full  life  of  humaniiy,  and  to  work  as 
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leaven  for  tlie  ennoblemeDt  of  humanity.  Not  in  conflict  with  science 
and  moral  culture,  but  only  in  harmony  with  these,  can  religion  come 
nearer  to  the  attainment  of  its  ideal,  which  consists  in  the  worship  of 
God  in  spirit  and  in  truth.  Even  though  they  may  not  be  conscious 
of  their  purpose,  but  nevertheless  in  fact  all  honest  work  of  science 
and  all  the  endeavors  of  social  and  ethical  humanity  have  part  in 
the  attainment  of  this  ideal. 

It  is  the  work  of  the  philosophy  of  religion  to  make  clear  that  all 
work  of  the  thinking  and  striving  spirit  of  humanity,  in  its  deepest 
meaning,  is  a  work  in  the  kingdom  of  God,  as  service  to  God,  who  is 
truth  and  goodness.  It  is  the  work  of  the  philosophy  of  religion 
to  explain  various  misunderstandings,  to  bring  together  opposing 
sides,  and  so  to  prepare  the  way  for  a  more  harmonioua  cooperation 
of  all,  and  for  an  always  hopeful  progress  of  all  on  the  road  to  the 
high  aims  of  a  humanity  fraternally  united  in  the  divine  spirit. 


MAIN  PROBLEMS  OF  THE  PHILOSOPHY  OF  RELIGION: 
I»SYCUOLOGY    AND    THEORY    OF    KNOWLEDGE    IN 
THE  SCIENCE  OF  RELIGION 


BY    PROPESttOH   EBNBT  TROKLTSCH 

{TrandaUd  from  Aa  German  by  Dr.  J.  H.  Wood*,  Harvard  f/mmrmly.) 

[Ernst  Troeltscb.  rrottrssoror  Syatcmatic  Tlirology,  Univcrvity  ol  HpidDllxvg. 
eiiicr  IKSI.  b.  Fcbrunrvl?,  1S66,  Aucsburg,  Bftviuia.  Doclor  o(  Thraloey. 
Profi-asor  UnivuTHity  ol  Bonn,  1892-94.  Allthor  of  John  Otrhard  and  JtfW- 
anchthon;  Richard  RvMte;  Ttu  Seienlific  Attitude  and  itt  l}vman49  on 
Thsology:  The  AbKtuHmeat  of  Chriatianitf/.  and  of  the  History  of  Rfiigion: 
Folitvuu  Etkie*  arul  Chriatianity;  The  Historic  EUmetU  in  KatU't  ReliefiouM 
Phitotophy.] 

The  philosophy  of  rcligtoaof  to-day  is  philosophy  of  religion  au  far 
only,  and  in  such  a  sense,  as  this  word  nieans  science  of  religion  or 
philosophy  with  reference  to  rehgion.  The  science  of  religion  of 
former  days  was  first  dogmatic  theology,  deriving  its  dogmas  from 
the  Bible  and  from  Church  tradition,  expounding  them  apologetic- 
ally with  the  metaphysical  speculation  of  the  later  period  of  anti- 
quity,  and  regarding  the  non-Christian  religions  as  sinful  derange- 
ments and  obscure  fragments  of  the  primitive  revelation.  This 
last«il  sixteen  centuries,  and  is  confined  to-day  to  strictly  eooleeias- 
lical  circles.  Next,  science  of  religion  became  natural  theolc^y, 
which  proved  the  existence  of  God  by  the  nature  of  thought  and  by 
the  constitution  of  reaUty,  and  also  the  immortaUty  of  the  soul  by 
the  concept  of  the  soul  and  by  moral  demands,  thus  constructing 
natural  or  rational  dogm&s  and  putting  these  dogmas  into  more 
or  less  friendly  relations  with  traditional  Christianity.  Thts  last«d 
about  two  centuries,  and  is  to-day  of  the  not  strictly  ecclesiastical 
or  ptetistic  circles,  wliich  still  wish  to  hold  fast  to  religion.  Both 
kinds  of  science  of  religion  exist  no  longer  for  the  strict  science. 
The  first  was,  in  reality,  supematuralistic  dogmatics,  the  second 
was,  in  reality,  a  substitution  of  philosophy  for  religion.  The  first 
was  demolished  by  the  criticism  of  miracles  in  the  eighteenth  century, 
the  second  by  the  criticism  of  knowledge  in  the  nineteenth  century, 
which,  in  it«  turn,  rests  upon  Hume  and  Kant. 

The  science  of  religion  of  to-day  keeps  in  touch  with  that  which 
without  doubt  factually  exists  and  is  an  object  of  actual  experience, 
the  iubjective  religiona  eonseiouMneaa.  The  distrust  of  ecclesiastical 
and  rationalistic  dogmait  has  made,  in  the  thought  of  the  present, 
every  other  treatment  impossible.  So  the  spirit  of  empiricism  has 
here  a^t  at  other  potnt«  completely  prevailed.  But  empiricism  in  this 
field  means  psychological  analysts.   Tim  analysis  is  pursued  by  tho 
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prcsnnt  to  the  uidost  cxtrat:  on  the  one  nidc  l>y  anthropolo^Bta  and 
archicolo^sts,  who  iiiveatigate  the  life  of  the  8ouI  in  primitivr  peoples 
and  ihua  indicate  the  particular  function  and  condition  of  religion 
in  these  states;  on  the  other  side,  by  the  modern  experimental 
peyohoIoKists  and  psychological  empiricists,  who.  by  aelf-ob3er\'a- 
tion,  and  especially  by  the  collection  of  obser\'ations  by  orhcrs  ildU  of 
personal  testimony,  study  religion,  and  then,  from  the  point  of  view 
of  the  concepts  of  experimental  psychology,  examine  the  main 
phenomena  thus  found. 

Now,  such  an  empirical  psychology'  of  religion  has  been  construct 
with  oonsiderable  success.  In  this  German  literature^  it  is  true,  hos^ 
eooperateti  to  a  slight  degree  only.  The  German  Iheulogians  have' 
held  to  the  older  statements  of  the  psychology  of  Kant,  of  Schleier^ 
niacher.  of  Hescl.'  an*l  "f  Fries,  alone,  which,  in  principle,  were  nn 
the  right  (wth,  but  which  combined  the  purely  psychological  with 
metaphyaical  ami  episteniulogical  problems  to  such  a  degree  that  it 
was  impoesjbte  to  reach  a  really  imprejudiced  attitude.  Germaii 
psychologists  remain,  furtliermore,  under  the  spell  of  pRycho-physio-' 
logy  and  of  quantitative  statements  of  measure,  and  have,  conse- 
quently, not  liked  to  advance  into  this  field,  which  is  inaoceeeible 
to  such  statements.  More  productive  than  the  German  pBychologyJ 
for  this  subject  Is  the  French,  which  has  attacked  the  complex  facts  ] 
far  more  courageously.  Here,  however,  under  the  predominance  of 
poeitivisra,  there  prevails,  on  the  whole,  the  tendency  to  regard 
religion,  in  its  esBenoe,  anthropologically  or  medically  and  patho- 
logically in  connection  with  bodily  conditions.  "Hiis  is  the  eonfusinn 
of  conditions  and  origins  with  the  essence  of  the  thing  itself,  which ' 
can  be  determined  only  by  the  thing,  and  is,  by  no  means,  bound 
exclusively  to  these  conditions.  Notwithstanding,  the  works  of 
Marillier,  Murisier,  and  Floumoy  have  considerably  aidt^d  the 
problem.  More  impartially  than  all  of  these,  the  Engliflh  and  Ameri- 
can psychology  has  investigated  our  subject.  Here  we  have  a  master- 
piece ill  the  Gilford  Lectures  of  William  James,  which  collects  into 
a  single  reservoir  similar  investigations  such  as  have  been  carried  on 
by  Coe  and  Starbuck.  There  b  here  no  tendency  to  u  mechanism  of 
consciousnesB,  or  to  the  dogma  of  the  causal  and  necessary  structure 
of  consciousness.  And  to  just  this  is  due  the  freshness  and  impartial- 
ity of  the  analyses  which  James  gives  out  of  his  enviable  knowledge  of 
characteristic  cases.  James  rightly  emphasizes  the  endlessly  different 
intensity  of  religious  experiences,  and  the  great  number  of  point* 
of  view  and  of  judgments  which  thereby  results.  He  also  rightly 
emphft.^zes  the  connection  of  this  different  intensity  with  irreducible 
typical  constitutions  of  the  soul's  life,  with  the  optimistic  and  the 
melancholy  disposition;  hence  there  arise  constantly,  evon  within 
the  same  rcli^on,  essentially  di0erent  typca  of  religiousQesi.  Limits 
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ing  himself,  then,  to  the  most  intense  experiences,  he  decides  that 
the  characteristic  uf  religious  states  is  the  sense  of  presence  of  the 
divine,  which  one  might  perhaps  describe  in  other  terms,  but  which 
still  continues  the  specificBlly  divine,  with  the  opposed  emotional 
effects  of  a  solemn  sense  of  contrast  and  of  entliiisiastic  exaltation. 
He  pictures  these  senses  of  presence,  and  tllustratva  them  by  vision- 
ary and  hallucinatory  repreeentatioDS  of  the  alietruct.  With  this  are 
ecHinected  impulsive  and  inhibitive  conditions  for  the  uppeumnce  of 
these  senses  of  preeenco  and  of  reality,  dosoriptions  of  the  effects 
upon  the  emotiooul  life  and  action,  and,  above  all,  the  analysis  of 
the  event  usually  called  conversion,  in  which  the  religious  experi- 
ence out  of  subconscious  antecedents  becomes,  in  various  ways,  the 
centre  of  the  soul's  life.  All  this  is  description,  but  it  is  based  upon 
a  mass  of  examples  and  explained  by  general  psychological  cate- 
gories which,  by  the  occurrence  of  the  religious  event  only,  mccive 
a  thoroughly  speeific  coloring.  It  is  a  description  after  the  manner 
of  Kirchhoff's  mechanics:  permanent  and  similar  types,  and,  like- 
wise, similar  conditions  for  their  relations  to  the  rest  of  the  soul's 
life  are  sought  out  everywhere,  without  maintaining  to  have  proven 
at  the  same  time,  in  ihis  way.  an  intellectual  necessity  for  the  con- 
nection. But  the  characteristic  peculiarity  of  reUgious  phenomena 
is  thus  conceived  as  in  no  other  previous  anal>'ais. 

All  this  is  still,  however,  nothing  more  than  psychologic.  For  the 
science  of  religion  it  accomphshcs  nothing  more  than  the  psycho- 
logical determination  of  the  peculiarity  of  the  phenomenon,  of  its 
environment,  its  relations  and  consequences.  It  is  evident  that  the 
phenomenon  occure  in  an  indeBmt«  number  of  varieties;  and  the 
chosen  point  uf  departure,  in  unusual  and  excessive  cases,  frequently 
diffuses  over  religion  itself  the  character  of  the  bizarre  and  abnor- 
mal. Consequently  nothing  whatever  is  said  about  the  amount  of 
truth  or  of  reality  in  tbess  cases.  This,  by  the  very  principles  of 
such  a  p6ycbolog>',  is  impossible.  It  analyzes,  produces  types  and 
categories,  points  out  comjMra lively  constant  connections  and  inter- 
actions. But  this  cannot  be  the  last  word  for  the  science  of  religion. 
It  demands,  above  all,  empirical  knowledge  of  the  phenomenon;  but 
it  demands  this  only  in  order,  on  the  basis  of  this  knowledge,  to  be 
able  to  answer  the  question  of  the  amount  of  truth.  But  this  leads 
to  an  entirely  different  problem,  that  of  the  theory  of  knowledfft, 
which  has  its  own  conditions  of  solution.  It  is  impossible  to  stop 
At  a  merely  empirical  psychology.  The  question  is  not  merely  of 
given  facts,  but  of  the  amount  of  knowledge  in  these  facts.  But  pure 
empiricism  will  not  succeed  in  answering  this  question.  The  question 
with  regard  to  the  amount  of  truth  is  always  a  quei^lion  of  vfllidity. 
The  question  with  regard  to  validity  can,  however,  be  decided  only 
by  logical  and  by  general,  conceptual  investigations.    Thus  we  pass 


278 


PHILOSOPHY  OP  RELIGION 


over  from  the  ground  of  empiricism  to  that  of  ratiotialiam,  and  the 
question  is,  what  the  theor)'  of  knowledge  or  mtionaliam  signifies 
for  the  science  of  religion. 

Such  a  synthesis  of  the  rational  and  irmtional,  of  the  psychological 
and  the  theory  of  knowledge,  is  the  main  problem  raised  by  the 
teaching  of  Kout,  and  the  significance  of  Kant  Is  that  he  clearly  and 
once  for  all  raised  the  problem  in  this  way.  He  hod  the  same  strong 
mind  for  the  empirical  and  actual  as  for  the  rational  and  conceptual 
elements  of  human  knowledge,  and  constructed  science  as  a  balance 
between  the  two.  (He  destroyed  forever  the  a  priori  speculative 
rationalism  of  the  necessary  ideas  of  thought,  and  the  analytical 
deductions  from  them,  which  undertakes  to  call  reality  out  of  the 
neoeestty  of  thought  as  such.  He  restricted  regressive  rationalism 
(o  metaphysical  hypotheses  and  probabilities,  the  evidence  for  which 
rests  upon  the  inevitability  uf  the  logical  operations  which  leads  to 
them,  which,  however,  apply  general  concept±t  witliuut  reference  to 
experience,  and  therefore  become  empty,  and  thus  afford  no  real 
knowledge.)  On  the  other  hand,  he  proclaimed  the  formal,  imman- 
ent rationaIi!»n  of  experience,  in  attempting  to  unite  Hume's 
truth  with  the  truth  uf  lAubniti!  and  of  Plato.  In  this  way  he  huc- 
oeeded  in  grasping  the  great  problem  of  thought  by  the  root,  and 
in  putting  attempts  at  solutions  on  the  right  basis.  So  it  t&  not  a 
mere  national  custom  of  German  philosophizing,  if  we  take  our 
bearings,  for  the  moat  part,  from  chi»  greatest  of  German  thinkers, 
but  it  is,  alisolutely,  the  moat  fniitful  and  keenest  way  of  putting  the 
problem.  It  is  true,  the  solutions  which  Kant  made,  and  which  are 
cimely  connected  with  the  classical  mectianics  of  that  time,  with 
the  undeveloped  condition  of  the  psychology  of  that  time,  and  with 
the  incomploteocts  of  historical  thinking  then  just  beginning,  have 
been,  meantime,  more  than  once  given  up  again.  A  simple  return  Lu 
him  is  therefore  impoesible.  But  the  problem  was  put  by  him  in 
a  fundamental  way,  and  bis  solutions  need  nothing  more  than  modi- 
fication and  completion. 

Now  all  this  is  especially  true  in  the  case  of  the  science  of  religion. 
Here  also  Kant  took  the  same  course,  which  seemed  to  me  right  for 
the  theoretical  knowledge  of  the  natural  sciences  and  for  anthro- 
pology. In  practical  philosophy  also,  to  wliich  he  rightly  counts 
philosophy  uf  religion,  he  seeks  laws  of  the  practical  reason  analogous 
to  the  laws  of  theoretical  reason,  axioms  of  the  ethical,  icsthetie, 
and  religious  consciousness  which  are  already  contained  a  priori 
in  the  elementary  appearances  in  those  fields,  and.  in  mppUcation 
to  concrete  reality,  produce  just  these  activities  of  the  reason.  Here 
also  one  should  grasp  reason  only  aa  contained  in  life  itedf,  the 
a  priori  law  itaeJf  already  effective  in  the  divereity  of  the  appearancea 
should  make  one's  self  clear-sighted  and  so  competent  fur  a  criticism 
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of  the  stream  of  the  soul's  appearances.  Seizing  upon  itself  in  the 
practical  reality,  the  practical  reason  criticises  the  psychological 
complex,  rejects  as  illusion  and  error  that  which  cannot  Ik  com- 
prehended in  on  (I  priori  law,  ttclects  that  part  of  the  same  which 
needs  basis  and  centre  and  rctiuircs  only  clearness  with  regard  to 
itself,  clears  the  nay  for  revelations  of  a  life  consciousness  of  its  own 
l^ality  and  becomes  capable  of  the  development  of  critically  purified 
experience. 

If  this  is,  in  principle,  valid,  the  Kantian  thought,  in  the  further 
detail,  is  maintained  in  principle  only  and  as  a  whole.  The  elabora- 
tion itself  will  have  to  be  quite  different  from  that  of  his  own.  Even 
by  Kant  himself,  on  thts  very  point,  the  synthesis  of  empiricibm  and 
rationalism  is  far  from  being  elaborated  with  the  necessary-  rigor  and 
coninstency.  And  to-day  we  have  a  quite  differently  developed 
psychology  of  religion,  in  contrast  nith  which  that  presupposed  by 
Kant  is  bare  and  thin.  Finally,  there  remain  in  the  whole  method  of 
the  critical  system  uns<ulved  problems;  by  failure  to  solve  theee,  or 
by  too  liasty  solution,  science  of  religion,  especially,  is  affected. 

To  make  clear  the  present  condition  of  the  problem,  one  ought, 
above  all,  to  indicate  the  moditi  cat  ions  to  which  the  I\antian  theory 
of  religion  must  submit,  —  must  submit,  especially,  by  reason  of  a 
more  delicate  psychology,  such  as  we  have,  with  remarkable  rich- 
new,  in  James  and  the  American  psychologists  connected  with  him. 
There  are  four  points  witli  regard  to  this  question.         ■ 

The  first  is  the  question  of  the  relation  of  psychology  and  theory 
of  knowledge  in  the  very  establishment  of  the  lawr»  of  the  theory  of 
koowledgo.  Are  not  the  search  for  and  discovery  of  the  laws  of  the 
theory  of  knowledge  thomselvee  possible  only  by  way  of  psychological 
ascertainment  of  facts,  itself  then  a  psychological  undertaking  and 
consequently  dependent  upon  all  its  conditions?  It  is  the  much  dis- 
cussed question  of  the  circle  which  itself  lies  at  the  outset  of  the 
critical  system.  The  answer  to  this  is  that  this  circle  lies  in  the  ver>' 
being  of  all  knowledge,  and  must  therefore  be  resolutely  committed. 
It  signifies  nothing  more  than  the  presupposition  of  all  thought,  the 
trust  in  a  reason  which  establishes  itself  only  by  making  use  of 
itself.  The  unmistakable  elements  of  the  logical  aasert  themselves 
BM  loipcal  in  distinction  from  the  psychological,  and  from  this  point 
on  reamn  must  l>e  trusted  in  all  its  confusions  and  entanglements  to 
recognize  itself  within  the  psychological.  It  is  the  courage  of  thought, 
|U  Hegel  says,  which  may  presuppose  that  the  ^elf-knowledge  of  rea- 
roon  may  tnist  itself,  presuppose  that  rraaon  \n  contained  within  the 
psychological;  or  it  is  the  ethical  and  leloologicfll  presupposition  of 
all  ihonghi,  as  Lotxe  says,  which  believes  in  knowledge  and  the 
validity  of  its  laws  for  the  sake  of  a  connected  meaning  for  reality. 
and  which,  therefore,  trusts  to  recogniw;  itself  out  of  the  psycholog- 
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ical  mass.    The  cstablisbnipat,  therefore,  of  tlio  law's  of  the  theon,- 
of  knowledgo  ia  not  itself  a  psychological  analysis,  but  a  knuwledgti 
of  self  by  the  logical  by  virtue  of  which  it  extricates  itself  out  of  the 
psychological  mass.    Theory  of  knowledge,  like  every  rationalisi 
includes,  it  is  true,  very  real  presuppositions  with  regard  to  the  sig-* 
nificant.  rational,  and  telcotc^ically  connective  character  of  reality, 
and  without  this  presupposition  it  is  untenable;  in  it  lies  its  root 
It  is  insight  of  former  days,  the  importance  of  which,  hovi'evcr,  must! 
constantly  bo  emphasized  anew,  that  discusses  the  validity  of  the 
rational  as  opposed  to  the  merely  empirical.     But  still   more  im- 
portant  than    this  thesis  arc  several   injerences   which  arc  gives 
with  it. 

The  establishment  of  the  laws  of  consciousness ,  in  which  we 
produce  experience,  is  a  selection  of  the  laws  out  of  experience  itself, 
a  knowledge  of  itself  by  the  reason  contained  in  the  ver>-  experience 
by  way  of  the  anHlysis  which  extracts  it.  It  is  then  an  endless  task,, 
oompteted  by  constantly  renewed  attacks,  and  always  only  approxi- 
mately solvable.  The  complete  separation  of  the  merely  psycholo^cal 
and  actual  and  of  the  logical  and  necessary  will  never  be  completely 
accomplished,  but  will  always  be  open  to  doubt;  one  can  only 
attempt  always  to  limit  more  vigorously  the  field  of  what  is  doubtful. 
And  with  this  sonietliing  further  Is  connected. 

The  itiexhauKtible  production  of  life  becomes  constantly,  in  the 
latent  amosnt  of  reason,  richer  than  the  analysis  discerns,  or,  in 
other  words,  the  laws  which  are  brought  into  the  Ught  of  lojpc  will 
always  be  less  the  amount  of  reason  not  bixiuglit  into  consciousness, 
and  conscious  U>gic  will  always  be  obUged  to  correct  itself  and  enrich 
itself  out  of  the  unartiGcial  logical  operations  arising  in  contact  with 
the  object.  So  a  finished  system  of  a  priori  principles,  but  this  sys- 
tem will  always  be  in  growth,  will  be  obliged  unceasingly  to  corT«ct 
itself,  and  to  contain  open  spaces. 

Finally,  and  above  all,  in  cose  of  this  separation,  there  remains 
within  the  psychologically  conditioned  appearance,  a  residuum, 
which  is  either  not  conceived,  but  is  later  reduced  to  law  and  thereby 
a  concciv«!  phenomenon,  or  which  never  can  be  so,  and  is  therefore 
illusion  and  error.  If  the  psychological  and  the  theoretical  for  know- 
ledge are  to  be  j»eparated,  then  that  can  occur,  not  merely  to  show 
that  both  must  always  l>e  together,  and  form  real  experience  only 
when  together,  but  there  must  also  be  a  rejection  of  that  which  ia 
merely  psychological  and  not  rational  since  it  is  illusion  .and  error. 
The  distinction  belwwn  the  apparent  and  the  real  was  the  point 
of  departure  which  made  the  whole  theory  necessary,  and,  accord- 
ingly, the  mer«*ly  pflychological  must  remain  appearance  and  error 
side  by  side  witli  that  which  is  psychological  and,  at  the  same  time, 
theoretical  for  knowledge.   There  always  remains  in  ootuciousnesa . 
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a  residuum  of  the  inconceivable ^  that  is,  inconceivable  since  it  is 
iltuBion  and  i>rror.  This  amountit  to  Haying  tbat  reality  is  never 
fully  raiional.  but  is  engaged  in  a  struggle  between  the  rational 
and  anti-rationaJ.  The  anti-rational  or  irrational,  in  the  sense  of 
peychologieaL  illusion  and  error,  belongs  also  to  the  real,  and  atrivea 
agaiuat  the  rational.  The  true  and  rational  reality  to  be  attained 
by  ihoiigbt  id  always  in  conjunction  with  the  untrue  reality,  the 
psychological,  that  containing  illusion  and  error. 

All  this  signihes  tbat  the  rationalism  of  the  theory  of  knowledge 
must  be  conditional,  partly  owing  to  the  corrective  and  enriching 
fecundation  by  primitive  and  naive  thought,  partly  owing  to  never 
quite  Bcparablc  admixture  of  illusion  and  error.  So,  long  ago.  the 
system  of  cat^orical  forms,  as  Kant  constructed  it  for  theoretical 
and  practica]  reason,  began  to  change,  and  can  never  again  acquire 
the  rigidity  which  Kant's  rationalism  intended  to  give  it  for«ver- 
morc.  And  thus  the  critical  system's  rational  reality  of  law  produced 
by  reason  always  contains  below  itself  and  beside  itself  the  merdy 
psychological  reality  of  the  factual,  to  which  also  illusion  and  error 
belong. — a  reality  which  can  never  be  rationalized,  but  only  set 
aside.  Tbis.too.isahiotrueforthephilosophyof  religion:  the  rational 
reduction  of  the  psychological  facts  of  religion  to  the  general  laws  of 
oonsciousness  which  prevail  among  them  i»  a  task  coruitantly  to  be 
resumed  anew  by  the  study  of  reality,  and  follows  the  movements 
of  primitive  religion  in  order  to  &iid  there  Knit  the  rational  basis; 
the  reduction  is,  however,  always  appro.ximate,  can  comprehend 
the  main  points  only,  and  must  leave  much  open,  the  rational  ground 
for  which  is  not  or  not  yet  evident;  finally  it  has  uuceasiuf^y  to 
reckon  with  the  irrational  as  illusion  and  error,  which  Attaches  to  the 
rational,  and  yet  is  not  explainable  by  it.  The  two  re^Iilies,  which 
th«  critical  system  must  recognize  at  ita  very  foundation,  continue 
in  strife  with  each  other,  and  this  .strife  a.s  the  strife  of  di*"ine  truth 
with  human  illusion  is  for  the  science  of  religion  of  still  more  im- 
portance. 

The  second  correction  of  the  Kantian  teaching  is  only  a  further 
consequence  from  this  state  of  things.  If  the  attitude  of  psychology 
and  theor)'  of  knowledge  requires  a  strict  separation,  it  requires  it 
only  for  thft  purpoae  of  more  correct  relation.  The  laws  of  the  theory 
of  knowledge  arc  separated  from  the  merely  psychological  actuality, 
but  Still  can  be  produced  only  out  of  it.  Thus,  as  a  matter  of  fact, 
psychological  analysis  is  always  the  presupposition  for  the  eorreet 
conception  of  all  these  laws.  Psychologj-  is  the  entrance  gate  to 
th«ory  of  knowledge.  This  is  true  for  theoretical  logic  as  well  as  for 
the  practical  logic  of  the  moral,  the  icstheticnl.  and  the  religious. 
But  just  at  this  point  the  present,  on  the  basis  of  its  psychological 
investigation,  prcaaea  far  beyond  the  original  form  of  the  Kantian 
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teaching.  This  is  not  the  place  to  describe  this,  more  closdy,  irith 
reference  to  the  (irst  of  the  subjects  just  mentioned.  But  it  ia  im- 
portant to  inaiHt  that  this  is  especially  true  with  re8i>ect  to  the 
Kantian  doctrine  of  religion.  The  Kantian  doctrine  of  religion  is 
founded  on  the  moral  and  religious  psychology  of  Deism,  which  had 
made  the  connection,  frctiuerit  in  experience,  of  moral  feelings  with 
religious  emotion  the  sole  basis  of  tiic  philosophy  of  rcligiun,  and 
had,  in  the  manner  of  the  psychology  of  the  eighteenth  century, 
immediately  changed  thi»  connection  into  intellectual  reflections, 
in  accord  with  which  the  moral  law  demands  its  originator  and 
guarantee.  Kant  accepted  this  psychology  of  religion  without  proof 
and  built  upon  it  his  main  law  of  the  religious  consciousness,  in 
accordance  with  which  a  synthetic  judgment  a  priori  is  operative 
in  religion  (arising  in  the  moral  experience  of  freedom),  which 
requires  that  the  world  be  regarded  as  subject  to  the  pvirposes  of 
freedom.  It  is,  however,  extremely  one-sided,  to  give  religion  its 
place  just  between  the  elements,  and  a  rather  violent  translation  of 
the  religious  constitution  into  reflection.  The  error  of  this  psycho- 
logy of  religion  had  been  discovered  and  corrected  already  by  Scbleier- 
macher.  But  Schleiermacher,  for  his  part  too,  also  failed  to  deny 
himself  an  altogether  too  sudden  metaphj'sical  interpretation  of  the 
religious  a  priori  which  he  had  demonstrated,  since  he  not  only 
described  the  a  priori  judgment  of  things,  from  the  point  of  \iew  of 
absolute  dependence  upon  God,  as  a  vague  feeling,  but  raised  this 
feeling,  by  reason  of  the  supposed  lack  of  difference,  in  it,  between 
thought  and  will,  reason  and  being,  to  a  world-principle,  and  inter- 
preted the  idea  of  God  contained  in  this  feeling  in  the  terms  of  his 
Spinosism,  the  lack  of  difference  between  God  and  Nature  within 
the  Absolute.  A  real  theory  of  knowledge  of  religion  must  keep 
itself  much  more  independent  of  all  metaphyBlcat  preeuppoeittons 
and  inferences,  and  must  admit  that  the  essence  of  the  religious 
a  priori  is  extorted  from  a  thoroughly  impartial  psychological 
analysis.  And  this  is  always  the  place  where  works,  such  as  those 
of  James,  come  into  play,  Religion  as  a  special  category-  or  form  of 
psychical  constitution,  the  result  of  a  more  or  less  vague  presence 
of  the  divine  in  the  soul,  the  feeling  of  presence  and  reality  with 
reference  t^  the  superhuman  or  infinite,  that  is  without  any  doubt 
a  much  more  correct  point  of  departure  for  the  analysis  of  the  rational 
a  priori  of  religion,  and  it  remains  to  make  this  new  psychok^ 
fniitfu!  for  the  theory  of  knowledge  of  nMpon.  That  will  bo  one  of 
the  chief  tasks  of  the  future. 

The  third  change  relates  to  the  distinction  of  tho  empirical  and 
intelligible  Ego,  which  Kant  connected  closely,  almost  indissolubly 
with  his  main  eplstemological  thought  of  tho  formal  rationalisms 
immanent  in  experience.     Kant  rationalitcd  the  whole  outer  and 
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inner  experience,  by  means  of  a  prion  laws,  into  a  totality,  conform- 
ing to  law,  appearing  in  intuitive  forms  of  space  and  time,  causally 
and  necessarily  rigidly  connected.  The  freedom  autonomously 
determining  itself  out  of  the  logical  idea,  and  contrasting  itself  with 
the  psychological  slream,  produces  out  of  Uie  cortfiitted  psycholicaii 
reality  this  scientific  formation  of  the  true  reality.  Tlie  pniduct  of 
thought,  however,  awallou'a  itii  own  maker.  For  the  same  acts  of 
freedom,  which  autonomously  produccsl  the  formation  of  the  reality 
of  law,  remain  themselves  in  the  temporal  sequence  of  psychical 
events,  and,  therefore,  themselves,  with  that  formation,  lapse  intir 
the  sequence  which  is  under  mechanical  law.  Tlie  intelligible  l£go 
creates  the  world  of  law,  and  finds  itscJf  therein,  with  its  activity,  aa 
empirical  Ego,  that  is,  as  product  of  the  great  world- mechanism  and 
of  its  causal  sequence.  It  is  an  intolerable,  violent  contradiction, 
and  it  is  no  solution  of  this  contradiction  to  refer  the  empirical  Ego 
to  appearance,  and  the  intelligible  Ego  to  actuality  existing  in  itself, 
if  the  operations  of  the  intelligible  Ego,  also  a  constituent  part  of 
what  takes  place  In  the  soul,  occur  a  time  and  so  relapse  irrecover- 
ably into  phcuomenaUty  and  its  mechamsm.  All  the  ingenuity 
of  modem  interpretation  of  Kant  has  not  succeeded  in  making  this 
circle  more  toleriLble.  all  shifting  of  one  and  the  same  thing  to  differ- 
ent points  of  view  has  only  enriched  scientific  terminology  with 
masterpieces  of  parenthetical  caution,  but  not  removed  the  objection 
that  two  different  points  of  view  do  not.  as  a  matter  of  fact,  exist 
side  by  side,  but  conflict  within  the  same  object. 

This  circle  is  especially  intolerable  for  the  psychology  of  religion 
and  lis  application  to  the  theory  of  knowledge.  The  psychology  of 
reli^on  certainly  shows  us  that  the  deeper  fc«1ing  of  all  religion  is 
not  a  product  uf  the  mechauical  sequence,  but  an  effect  of  l\iv  super- 
sensuous  itself  as  it  is  felt  there;  it  believes  that  it  arises  in  the 
intelligible  Ego  by  way  of  some  kind  of  connection  with  the  super- 
sensuous  world.  This,  however,  becomes  completely  impossible  for 
the  Kantian  theory*  of  the  empirical  Ego,  and  all  distinctions  of  a 
double  point  of  view  in  no  wise  change  the  fact  that  these  points  of 
view  are  mutually  absolutely  exclusive.  Here  we  have  the  results 
of  psychology  which  the  expree^oD  of  religious  emotion  eonfirms,  in 
that  religion  can  be  causally  reduced  to  notliing  else,  totally  opposed 
to  the  consequences  of  such  a  theory  of  knowledge.  Kant  had  him- 
self often  enough  practically  felt  this,  and  spoke  then  of  freedom  as 
an  experience  of  communion  with  the  supereensuous  as  a  possible 
but  unprovable  affair,  while  all  that,  in  case  of  a  strict  adherence 
to  the  phenomenality  of  time  and  of  the  theory  of  the  empirical 
Ego,  which  is  a  consequence  of  it,  is  completely  impossible.  No- 
thing can  be  of  any  assistance  here  except  a  decisive  renunciation 
of  those  epistemological  positions  which  contradict  the  results  of 
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teaching.    This  ve  Qot  the  place  to  describe  this,  more  closely,  with 
refercDce  to  the  finst  of  the  subjects  jiust  mentioned.    I3ut  it  is  im- 
portant to  insist  that  this  is  especially  true  with  respect  to  the 
Kantian  doctrine  of  religion.     Tfie  Kantian  doctrine  of  religion  is 
founded  on  the  moral  and  religious  psychology'  of  Deism,  which  had 
made  the  counecUon,  fretiuent  in  experience,  of  tnoral  feelings  with 
religious  emotion  the  sole  basis  of  the  philosophy  of  religion,  and 
had,  in  the  manner  of  the  psychology  of  the  eigliteeiith  century, 
immediately  changed  this  connection  into  intellectual  reflections, 
in  accord  with  which  the  moral  law  demands  tt«  originator  and 
guarantee.   Kant  accepted  this  psychology  of  reUgion  without  proof 
and  built  upon  it  his  main  law  of  the  religious  consciousnesa,  in 
accordance  with  which  a  synthetic  judgment  a  prurri  is  operative 
in  religion  (arising  in    the  moral  experience  of  freedom),  which 
requires  that  the  world  be  regarded  as  subject  to  the  purposes  of 
freedom.     It  is,  however,  extremely  one-sided,  to  give  religion  its 
place  just  between  the  elements,  and  a  rather  violent  translation  of 
the  religious  constitution  into  reflection.    The  error  of  this  psycho- 
logy of  religion  had  been  discovered  and  corrected  already  by  Schleier- 
macher.    Hut  Schleicrmachcr,  for  his  part  too,  also  failed  to  deny 
himself  an  altogether  too  sudden  metaphysical  interpretation  of  the 
religious  a  priori  which  he  had  demonstrated,  since  he  not  only 
described  the  a  priori  Judgment  of  things,  from  the  point  of  \iew  of 
absolute  dependence  upon  God,  as  a  vague  feeling,  but  raised  tlua 
feeling,  by  rcanon  of  the  supposed  lack  of  difference,  in  it,  between 
thought  and  will,  reason  and  being,  to  a  world-principle,  and  inter- 
preted the  idea  of  God  contained  in  this  feeling  in  the  terms  of  his 
Spinozism,  the  laek  of  difference  between  God  and  Nature  within 
the  Absolute.     A  real  theory  of  knowledge  of  religion  must  keep 
itself  much  more  independent  of  all  metaph}*nca]  presuppositions 
and  inferences,  and  must  admit  that  the  caacnce  of  the  rcligioua 
a  priori  ia  cxtort<Hl  from  a  thoroughly  impartial  p«j-chologicftl 
analyfflfl.    And  this  is  always  the  place  where  works,  such  as  those 
of  JamFD,  come  into  play.    Reli^oo  as  a  special  category  or  form  of 
psychical  constitution,  the  result  of  a  more  or  leas  vague  presence 
of  the  divine  in  the  soul,  the  feeling  of  presence  and  reality  with 
reference  to  the  superhuman  or  infinite,  that  is  without  any  doubt 
a  much  more  correct  point  of  departure  for  the  analysis  of  the  rational 
a  priori  of  religion,  and  it  remains  to  make  this  new  psychology^ 
fruitful  for  the  theory  of  knowledge  of  religion.   That  ftill  be  one  of 
the  chief  tasks  of  the  future. 

The  third  change  relates  to  the  dislinrtion  nf  the  empirical  and 
tnK-lIigible  Ego,  which  Kant  connecte*!  eloaely,  almost  indlssolubly 
with  his  main  epistcmologieal  thought  nf  the  formal  rationalisms 
immABant  In  experience.     Kant  mtionalited  the  whole  outer  and 
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inner  psperience,  by  means  of  a  priari  laws,  into  a  totality,  conform- 
ing to  law,  appearing  in  intuitive  forms  of  space  and  time,  cawtally 
and  necessarily  rigidly  connected.  The  freedom  autonomously 
dctennining  itself  out  of  the  logical  idea,  and  contrasting  itself  with 
the  psychological  stream,  produces  out  of  the  confused  psychoHcan 
reality  this  scientific  formation  of  the  true  reality.  The  product  of 
thought,  however,  swallott's  its  own  maker.  For  the  same  acts  of 
freedom,  which  autonomously  produced  the  formation  of  the  reality 
of  law,  remain  themselves  in  the  terupural  sequence  of  psychical 
events,  and,  therefore,  themselves,  with  that  formation,  lapse  into 
the  Be<iuence  which  is  under  mechanical  law.  The  intelligible  Kgo 
ereatea  the  world  of  law,  and  finds  itaelf  therein,  with  its  activity,  as 
empirical  llilgo,  that  is,  as  product  of  the  great  world-mechanism  and 
of  its  caugal  sequence.  It  is  an  intolerable,  violent  contradiction, 
and  it  is  no  solution  of  this  contradiction  to  refer  the  empirical  Ego 
to  apijcarance.  and  the  intelligible  I'Jgo  to  actuality  existing  in  itself. 
if  the  operations  of  the  intelligible  Kgu,  also  a  constituent  part  of 
what  takes  place  in  the  soul,  occur  in  time  and  bo  relapse  irrecover- 
ably into  phcnompnality  and  its  mechanism.  All  the  ingenuity 
of  modem  interpretation  of  Kant  has  not  succeoded  in  making  this 
circle  more  tolerable,  all  shifting  of  one  and  the  same  thing  to  differ- 
ent points  of  view  has  only  enriched  scientific  terminology  with 
masterpieces  of  parenthetical  caution,  but  not  removed  the  objection 
that  two  difTcront  points  of  view  do  not,  as  a  matter  of  fact,  exist 
side  by  side,  but  conflict  within  the  same  object. 

This  circle  ia  especially  intolerable  for  the  psychology  of  reUgion 
and  its  application  to  the  theory  of  knowledge.  The  psychology  of 
religion  certainly  shows  us  that  the  deeper  feeling  of  all  religion  is 
not  a  product  of  the  mechanical  sequence,  but  an  effect  of  the  super- 
sensuous  itaelf  as  it  is  felt  there;  it  bebeves  that  it  arises  in  the 
intelligible  Ego  by  way  of  some  kind  of  connection  with  the  super- 
sensuuUB  world.  This,  however,  becomes  completely  impossible  for 
the  Kantian  theory  of  the  empirical  Ego,  and  all  distinctions  of  a 
double  point  of  view  in  no  wise  change  the  fact  that  these  points  of 
view  are  mutually  absolutely  exclusive.  Here  we  have  the  results 
of  psychology  which  the  expression  of  religious  emotion  confirms,  in 
that  religion  can  lx>  causally  reduced  to  nothing  else,  totally  opposed 
tu  the  consequences  uf  such  a  theory  of  knowledge.  Kant  had  him- 
self often  enough  practically  felt  this,  and  spoke  then  of  freedom  as 
an  experience  of  communion  with  the  superwnsuous  as  a  possible 
but  unprovable  affair,  while  all  that,  in  case  of  a  strict  adherenc« 
to  the  phcnomenatily  of  time  and  of  the  theory  of  the  empirical 
Ego,  which  is  a  consequence  of  it,  is  completely  impossible.  No- 
thing can  be  of  any  assistance  here  except  a  decisive  renunciation 
of  those  epistemologioal  positions  which  contradict  the  results  of 
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psychology,  and  which  are  themselves  only  doctrinaire  consequences 
from  other  positions.  Nothing  else  is  possible  but  the  modificatioa 
•>f  the  pticnomenality  of  time,  in  such  a  way  that  by  no  meansi- 
cver>*thinfr  which  belongs  to  time  belongs  also  as  a  matter  of 
course  to  phenomenal  it  y,  but  that  the  autonomous  rational  acts 
which  occur  in  the  time  scries  of  consciousness  posae-ss  their  own 
intelligible  time-form.  At  the  name  time  the  concept  of  causality 
closely  connected  with  the  concept  of  time  is  to  be  modified  so 
that  there  should  be  not  only  an  immanent  and  phenomenal  causal 
connection,  but.  also  a  regular  intcraciion  Iketween  phenomenal  and 
intelligible,  psychological  and  rational,  conscinns  reality.  At  the 
same  time  the  concUision  h  alfto  given  up,  that  the  F*go  submita 
unconditionally  and  directly  to  phcnomenality  and  to  causal  nccea- 
iiity,  while  the  name  Ego,  once  more,  in  the  aarac  way.  as  a  whole, 
from  another  point  of  new,  ib  subordinate  to  freedom  and  auto- 
nomy, that  is,  sclf-oonstitutive  through  ideas.  The  two  Egos  must 
lie  not  side  by  aide,  but  in  and  over  one  another.  It  must  be 
poafiible  that,  within  the  phenomenal  Ego  by  a  creative  act  of 
the  intelligible  Ego  in  it,  the  personality  should  be  formed  and 
developed  as  a  rcaliKation  of  the  autonomous  reason,  so  that  the 
intelligible  issues  from  the  phenomenal,  the  rational  from  the  pey- 
chological,  the  farmer  elaborates  and  shapes  the  latter,  and  between 
l>oth  a  relation  of  regular  interaction,  but  not  of  causal  constraint, 
l.akes  place.  This  rather  deep,  incisive  modification  is,  in  its  turn,  an 
approach  of  the  Kantian  teaching  to  empiricism,  but  still  at  the 
same  lime,  in  the  destruction  and  subordination  of  the  phenome-nal 
and  inteiligible  world,  in  the  emphasis  upon  the  single  pcntonality 
issuing  from  the  act  of  reason,  an  adherence  to  rarionalism.  But 
since  the  distinction  and  the  interrelation  l)etween  the  rational  and 
the  empirical  forms  the  point  of  departure  for  the  critical  system, 
and  this  point  of  de|>arlure  requires  at  the  same  time  the  mouMing 
and  shaping  of  the  empirical  by  the  rational  and  the  rojeeiion  of  the 
psychnlo^eal  appearance;  a  mere  paralleli«m  is  altogether  Impoasi- 
ble,  but  an  interrelation  is  included,  and  a  task  set  for  the  efTort  and 
lalmr  which  constantly  makes  the  rational  penetrate  the  empirical. 
AL  the  very  outant  we  have  the  exclusion  of  the  parnllelism  and  the 
ueertton  of  the  interrelation.  The  interrelation,  by  its  very  nature. 
aaaerta  the  interruption  of  the  causal  neecasity  and  the  penetration 
iif  autonomous  reason  in  this  soquonee.' without  being  itself  pmduceil 
by  this  aaquenoe,  although  it  can  be  stimulated  and  helped  or  inhib- 
ited and  weakened  by  it.  Tims,  in  such  a  case  as  this,  the  irmtionaJ 
is  recognized  by  the  aide  of  and  in  the  rational.  In  this  case  the  irra- 
tionnl  of  the  event  without  causal  compulsion  by  sonio  anteredejit, 
or  of  the  aclf-dotcrmination  by  the  autonomous  idea  alone,  is  the  irra- 
tional of  freedom.     It  b  the  irrational  of  the  creative  procedure 
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which  constitutes  the  idea  out  of  itself  and  produces  the  consequences 
of  the  reBson  out  of  the  constituted  idea.  But  this  irrational  plays 
everywhere  in  the  whole  life  of  the  sotil  an  c-ssential  part,  and  is  not 
less  than  decisive  in  the  case  of  religion,  which  must  be  quite  differ- 
ent from  what  it  is  if  it  did  not  have  the  right  to  maintain  that 
which  it  declares  to  be  true  of  itself,  namely,  thai  it  is  an  act  of 
freedom  and  a  gift  of  grace,  an  effect  of  the  supersensuoua  permeating 
the  natural  phenomenal  life  of  the  soul  and  an  act  of  free  devotion 
the  natural  motivation. 

The  fourth  probli^m  arises,  when  wc  examine  the  rational  law  of 
the  roli^ous  nature  or  of  the  having  of  religion  which  lies  in  the 
being  and  organization  of  the  reason.  The  having  of  religion  may  be 
demonstrated  as  a  law  of  the  normal  consciousneas  from  the  immanent 
feeling  of  neceafiily  and  obligation  which  properly  belongs  to  religion. 
and  from  its  organic  place  in  the  economy  of  conseiouaness.  which 
receives  its  concentration  and  its  relation  to  an  objective  world- 
reason  only  from  religion.  But  precisely  because  religion  is  reduced 
to  this,  it  is  clear  timt  this  is  only  a  reduction  which  abetracte  from 
the  empirical  actuality  just  as  the  categories  of  pure  reason  do.  This 
abstraction,  then,  should  under  no  circumBtanccs  itself  be  regarded 
as  the  real  religion.  It  is  only  the  rational  a  priori  of  the  p.\vchicul 
appeanLDcee,  but  not  the  replacement  of  appearances  by  the  truth 
free  from  confusion.  The  psychical  reality  in  which  alone  the  truth 
is  effective  should  never  be  forgotten  out  of  regard  for  the  truth. 
This  is.  however,  the  fact  in  the  Kantian  theory  of  religion  in  two 
directions. 

It  is  always  noticeable  that  the  a  priori  of  the  practical  reason  ia 
treated  by  Kant  quite  differently  from  the  iheoretical.  In  ease  of 
the  latter  the  main  idea  of  the  synthesis,  immanent  in  experience^  of 
rationalism  and  empiricism,  is  retained,  and  the  a  priori  of  the  pure 
forms  of  intuition  and  of  the  pure  categories  is  nothing  without  the 
contents  of  concrete  reality  which  Income  shaped  in  it.  It  may  he. 
very  difficult  actually  to  grasp  the  cooperatjon  of  the  a  priori  and 
the  empirical  in  the  single  case,  and  Kant's  theory  of  the  categories 
may  have  to  be  entirely  reshaped  and  approximated  to  a  priori 
hypotheses  requiring  verification,  but  the  priociple  itself  is  always 
the  dispo-^ition  of  the  real  and  genuine  problem  of  all  knowledge.  In 
cose  of  the  practical  a  priori  Kant  did,  it  is  true,  firmly  emphasize 
the  formal  character  of  the  ethical.  Estheticol,  and  religious  law, 
but,  in  doing  this,  does  not  lose  quite  out  of  sight  the  jisrchical 
reality.  They  appear  not  as  empty  forms  which  attaiu  to  their 
reality  only  when  filled  nith  the  concrete  ethical  tasks,  the  artistic 
creations,  and  the  religious  states,  but  as  abstract  trutlis  of  reason, 
which  have  to  take  the  place  of  the  intricacies  of  usual  consciousness. 
At  this  point  one  has  always  been  right  in  feeling  a  relapse  on  the 
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part  of  Kant  into  the  abstract,  analytical,  conceptual,  rationalism, 
and  for  this  very  reaaon  Kant's  Btatement^  about  these  things  are 
of  great  sublimity  and  rigcr  of  principle,  but  scanty  in  content.  It 
is  more  important  in  case  also  of  tliis  a  priori  of  the  practical  reasoaj 
to  keep  in  mind  that  it  is  a  purely  formal  a  jiriori  and  in  reality 
must  constantly  be  in  relation  with  the  psychical  content,  in  order 
to  give  this  content  the  firm  core  of  the  real  and  the  principle  of 
the  critical  regulation  of  self.  So  the  u  priori  of  murals  is  not  to 
be  represented  abstractly  merely  by  itself,  but  it  is  to  be  cun-| 
cetved  in  its  relation  to  all  the  tasks  which  we  feel  as  obligatory,  and 
it  extends  itself  from  that  (loiiit  outwards  over  the  total  expanse  of, 
the  activity  of  reason.  Likewise  the  a  priori  of  art  is  not  to  b^l 
denoted  in  the  abstract  idea  of  the  unity  of  freedom  and  necessity, 
but  to  be  shown  in  the  whole  expanse  which  is  present  to  the  soul  aa 
artistic  form  or  conception.  Thus,  in  especial  degree,  religion  is  not 
to  be  reduced  to  the  belief  of  reason  in  a  moral  world-order,  and 
simply  contrasted  with  all  supposed  religion  of  any  other  kind,  but 
the  religious  a  priori  should  only  seni'c  in  order  to  establish  the 
essential  in  the  empirical  appearance,  but  without  stripping  off  this 
appearance  altogether,  and  from  this  point  of  the  essential  to  correct 
the  intricacies  and  narrowness,  the  errors  and  false  combinations  of 
the  psychical  situation.  Kant,  by  his  original  thought  of  the  a  priori, 
was  urged  in  different  ways  to  such  a  view,  and  construed  epistemo- 
logically  the  empirical  psychological  reUgion  as  imaginary  illuatrB' 
tions  of  the  a  priori.  But  that  is  occasional  only  and  does  not 
dominate  Kant's  real  view  of  religion.  This  is  and  still  remains  only  a 
Iruulation  of  the  usual  moral  and  theological  rationalism  from  the 
formula  of  Luckcand  Wolff  into  the  formula  of  the  critical  philixsophy. 
The  same  revision  occurs  in  quite  a  diCferent  direotioa.  U  religion 
is  an  a  prion  of  reason,  it  is,  once  for  all,  established  together  with 
reason,  and  all  n>Ugion  is  everywhere  and  always  religious  in  the  se 
proposition  as  it  is  in  any  way  realized.  Schleiemiacher  expreoi^] 
stated  this  in  his  development  of  the  Kantian  theory,  and,  in  so 
•a  the  practical  reason  is  always  penetrated  with  freedom,  and  cot 
sequently  religion  itself  is  established  with  the  act  of  moral  freedom,^ 
this  was  also  asserted  by  Kant  himselX.  Such  an  aasortion,  however, 
contradicts  every  psychological  ob8er\-ation  whatsoever.  It  is  Irae 
auch  observation  can  prove  that  religious  emotions  adjust  them- 
sdvea  easily  to  all  activitiee  of  reason,  but  it  must  sharply  distio- 
guish  what  is  nothing  more  than  the  reli^^iousness  of  vafrue  feetir 
of  supt-rscDsual  regtilattons,  which  usually  are  joined  with  art 
morals,  from  real  and  characteristic  religiousnees,  in  which, 
single  timfr,  a  purely  personiU  relation  of  presence  to  the  eup«r- 
acnsuoua  takes  place.  But  this  whole  proMem  signiGes  nothing  cUe, 
than  the  aelu&Uting  of  the  reli^ous  a  priori,  which  actualUii 
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always  occun  in  quite  specific  aad ,  in  spite  of  all  differanoef  cesea- 
tiaUy  similar  peycbic&l  experiences  and  states.   This  probteoi  of  the 
actnaliaing  of  the  religious  a  priori  and  of  its  connection  with  con- 
crete individual  psychical  phenomena,  Kant  oompletcly  overlooked 
in  his  abstract  concept  of  religion,  or  rather,  deliberately  ignonxl, 
because,  as  he  wrote  to  Jacobi,  he  saw  all  the  dangers  of  mystieism 
lurking  in  it.  Thb  fear  was  justified;  for,  as  a  matter  of  fact,  all  the 
specific  occurrences  of  mysticism,  from  conversion,  prayer,  and  con- 
templation to  enthusiasm,  vision,  and  ecstasy,  do  lurk  in  it.     But 
without  this  mysticism  there  is  no  real  religion,  and  the  psychology 
of  religion  shows  most  clearly  huw  the  real  pulse  of  religion  beuts  in 
the  mystical  experiences.   A  religion  without  it  is  only  a  preliminary 
step,  or  a  reverberation  of  real  and  actual  religion.    Moreover,  the 
states  are  easily  conceived  in  a  theory  of  knowledge,  if  one  seea  in 
them  the  actu&Uzing  of  the  religious  a  priori,  the  production  of 
actual  religion  in  the  fusion  of  the  rational  law  with  the  concrete 
individual  psychical  fact.  The  mysticism  recognized  as  essential  by 
the  psychology  of  religion  must  find  its  place  in  the  theory  of  know- 
ledge, and  it  finds  it  as  the  psychological  actualizing  of  the  religious 
a  priori,  in  which  alone  that  interlacing  of  the  necessary,  the  rational, 
the  conformable  to  law,  and  the  factual  occurs,  which  cbaracterites 
real  religion.   The  dangers  of  such  a  mysticism,  which  arc  recognized 
a  thousandfold  in  experience,  cannot  be  dispelled  altogether  by  the 
displacement  of  mysticism,  for  that  would  mean  to  displace  religion 
itself.    It  would  be  the  same,  if  one  should  try  to  avoid  the  dangers 
of  illusion  and  error,  by  keeping  to  the  pure  categories  alone,  and 
eeaaing  to  employ  them  in  the  actual  thinking  of  experience.  Rather, 
they  can  be  dispelled  only  in  that  the  actualizing  of  the  rational 
a  priori  is  recognized  in  the  mystical  occurrences,  and  thua  the 
intricacies  and  one-aldedness  of  the  mere  psychological  stream  of 
religiousness  be  avoided.    The  psychological  reality  of  religion  must 
always  remember  the  rational  substance  of  religion,  and  always  bring 
religion  as  central  in  the  s}'8tem  of  consciousness  into  fruitful  and 
^adjusted  contact  with  the  total  life  of  the  reason.  Thus  the  psycho- 
lo^cal  reality  corrects  and  purifies  itself  out  of  its  ovm  a  priori,  with- 
out, however,  destroying  itself;  or  rather,  the  actual  religion  in  the 
psychical  categorj*  of  the  mystical  occurrences  will  suhaide  to  a  more 
or  less  degree.  Thus  wo  have  the  irrational  prevailing  here  in  its  third 
form,  which  like  the  two  others  was  eontmned  in  the  very  outset  of 
Lthe  critical  system,  in  the  form  of  the  once-occurring,  factual,  and 
Individual,  which,  of  course,  has  a  rational  basis  or  a  rational  element 
in  itself,  but  is  besides  a  pure  fact  and  reality.    Just  this  Is  the 
texcellencc  of  the  rationalism  immanent  in  experience   (the  critical 
bystem),  that  it  makes  room  for  this  feature  beside  the  general  and 
conceptual  rationality.    It  did  not  make  room  for  it  to  the  extent 
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really  r«<|Uired,  and  H  pspecinlly  left  no  space  for  U  in  Us  abstract 
philosophy  of  relipon.  This  spacp  must  again  be  opened  by  tJie 
theor>'  of  the  actualizing  of  the  religjous  a  priori,  and  there  again 
lies  another  improvement  of  the  critical  system  under  the  influence  of 
modem  psycholoRy. 

If  we  summarize  all  thiit,  we  have  a  quantity  of  conccAsions  by  the 
Formal  epistemological  rationalism  to  the  irrationality  of  the  psycho- 
logical facts  and  a  repeated  breaking  down  of  the  ovcr-rigorouai 
Kantian  rationalism.  Contrariwise,  however,  the  pure  priychological' 
investigation  in  also  compelled  to  withdraw  from  the  unlimited 
quantity  and  the  absolute  irrationality  of  the  multifarious  (and  of 
the  confuaion  of  appearance  and  truth)  to  a  rational  critcrium, 
which  can  bo  found  in  the  rational  a  priori  of  the  reason  only,  and  in 
the  organic  patition  of  this  a  priori  in  the  syBtem  of  consciouBncsa  in 
general.  By  this  rationalism  alone  may  the  true  validity  of  religion 
be  founded,  and  by  thia  alone  the  uncultivated  pHVchical  life  mayJ 
be  critically  regulated.  Religion  will  be  conceived  in  its  concrete' 
vitality  and  not  mutilated;  it  will  constantly  be  brought  out  of  the 
jumble  of  its  distortions,  blendings,  one-sidcdness.  narrowneaa,  and 
exuberance  back  again  to  its  original  content,  and  to  its  organic 
relations  to  the  totality  of  the  life  of  reason,  to  the  scientific  moral 
and  artistic  accomplishments.  That  is  everything  that  science  can 
do  fur  it,  but  is  not  this  service  great  enough  and  indispensable 
enough  Co  justify  the  work  of  such  a  scienceT  We  do  not  stop  with 
nothing  more  than  "varietips  of  religious  experience"  which  is  thai 
result  of  James's  method;  but  neither  do  we  stop  with  nothing  moi 
than  a  rational  idea  of  religion,  which  overpowers  experience,  as 
Btill  80  in  the  case  of  Kant.  But  we  must  learn  how  intimately  to 
combine  the  empirical  and  [wychological  with  the  critical  and  nonn&-_ 
tive.  The  ideas  of  Hume  and  of  Ijcibnits  must  once  more  tie  broughl 
ioto  relation  with  the  continuations  of  Kant's  work,  and  the  com- 
bination of  the  Anglo-Saxon  sense  for  reality  with  tho  (jerman 
spirit  of  speculation  is  still  the  task  for  the  new  century  as  well  as 
for  the  century  past. 


SHORT  PAPERS 


A  short  paper  wss  contribuUiU  to  ttiis  Soctiou  by  I'rofceeor  Ak'xuidor  T, 
Oniioiid,  of  Prinopton  Univereity,  on  "Some  Roote  and  Factors  of  RcJigion." 
The  speaker  enwl  tlint  rrlipoii,  tike  cvcrylhing  cJsc  human,  has  its  hm  in  man's 
esprnrnrc.  It  hns  alro  doubtless  had  a  hiatory  tluit  will  pr»ent  the  outlines  of 
a  dcvelopnif^nt.  if  but  theoourjic  of  thut  d^^vctoprntint  am  hr  trae^d.  "  Hut  in  tbe 
CAM*  of  rclijinn  our  theorj*  of  development  vnl\  Xw  largely  <]uahfied  by  our  judg- 
ment as  to  ite  origin;  while,  rogardiiiK  uriKin  itwif,  we  have  (o  depend  on  hypo- 
theNS  constnicted  froiu  our  mofv  or  leso  imperfect  acquoiulaucc  with  the  races, 
aod  GBpecially  tbe  aavsgn  races,  of  the  prewnt.  The  primitive  pre-reli^ious  man 
ia  a  cORBtruetion  from  prMcnt  dae&,  and  will  always  remain  more  nr  iaia  hypo- 
tbetieal.  This  will  partially  e\plain,  aud  at  the  same  time  partially  excuse,  what 
We  nill  agree  is  the  unKnUxfitrtury  character  of  the  authropological  theorws  aa 
nooounte  of  the  origin  of  religion.  But  there  are  other  reasons  for  this  partial 
failure  that  ore  less  excusable.  One  of  tbeae  is  tlie  rather  singular  failure  of  the 
leadiug  untliropokigiets,  in  dealing  with  the  urigiu  of  rvUgion.  to  distinguish 
between  fvndametddl  and  (merely  tributary  causes.  For  inslanco,  if  we  auppoee 
that  man  ha«  in  w>me  way  come  into  posAcfirion  of  a  genu  of  rcligioiianen,  many 
things  will  become  genuine  tributaries  to  its  dfrveloptneot  that  when  urged  as 
'  axplaaalionit  of  the  genn  itnelf  would  be  obviously  futtle.  Tliere  must  be  a  caiiae 
for  the  pretty  general  failure  to  note  this  distinction  which  is  vital  to  religious 
tlieor>',  atid  I  am  c-un^'iitcud  thut  the  priucipul  cause  is  a  certain  lack  of  psycbo- 
logieol  insight  and  of  pKiloeophical  grasp  in  dealing  with  the  problem  of  the  fint 
(jata  and  primary  roots  of  religion  In  man's  nature. 

"In  the  firtt  place,  it  is  needful  in  dealing  with  the  rdi^on  of  the  hypothetical 
man  that  we  sliould  bave  Miiiie  idea  of  wliat  coiiirtitutMA  religion  iu  the  actual 
man.  Xow,  back  of  all  the  outward  manifestations  of  religion,  will  staJid  the 
religious  consdousocas  of  the  man  and  the  community,  and  it  will  be  this  that  will 
determine  the  idea  of  religion  in  \u  most  essential  form.  The  di^'eloped  idua 
of  religion,  therefore,  arising  out  of  thisgenninal  tmpreosion.  would  take  the  fonii 
of  a  aenw  (we  mar  now  coll  it  concept)  of  relatedneas  to  some  being  akin  to  roan 
himself,  and  yet  transcvjidinf;  him  in  some  real  though  undetermined  respects. 
Anything  short  of  thin  wituld,  I  thiiilt,  leave  religion  in  some  respecta  unaccounted 
for;  while  anything  more  would  perliaps  exclude  some  genuine  nianifcstatious  of 
religion. 

"  If  the  idea  of  religion  arises  out  of  an  I'mprvasMm,  then  it  will  not  b«  possible 
to  deny  to  it  an  intellpetual  root.  1  make  this  statement  with  some  diffidence, 
because  if  I  do  not  miittntorpret  them,  some  recent  pflychologists  have  praeticaJly 
denied  the  intellectual  root  in  their  doctrine  that  retigioQ  c&Q  have  no  orig- 
inal intftlectual  eontfrit.  tf  I  am  not  furthc-r  niisletl.  howvrvr,  theae  writers 
would  admit  that  n  content  b  achieved  by  tbe  symboHo  use  of  experience.  This 
i*  perhaps  all  I  need  argue  for  here;  since  our  epistcmology  is  teaching  us 
that  the  di»tinrtiori  between  symbolism  and  perception  is  only  tliat  between  ths 
'  direrb  and  the  indirect;  while  here  it  is  dear  tlmt  its  use  in  developing  the  ^gni- 
Ifieanee  of  the  religious  impression  would  have  all  the  directnrSH  and.  therefore,  all 
the  cogency  of  an  immediate  inference. 

"Let  us  now  restorf  the  intellectual  and  emotional elejnents o(  relifrion  to  their 

^jdace  in  a  synthesis;    we  will  then  liave  a  oonrrct*''  religious  esiperirnoe  out  of 

fwliloh  may  be  analyzed  at  least  two  fundamental  factors.    The  first  of  these  is 

what  we  may  call  tbe  jMraomJ  iattor  in  nHgton.  We  are  tfeadlag  io  tbs  f^ot- 
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steps  of  tho  nnthropologista  when  va  fiod  amoog  th«  most  undeveloped  sava 
a  t«od(mey  to  pcrsoDify  tht^  objecU  of  their  worship.  Whi^n  it  com«6  to  the  qu< 
tion  of  drtcrmining  tlie  r61e  ttuit  Diis  pcrKuiitliKing  ti'ndi'ncy  liii«  mctimUy 
played  in  th«  development  of  religion,  the  antliropologista  divnde  into  two 
camps,  oae  of  these,  led  by  Max  MdUcr,  r^iardins  ii  eu  s  symbolic  iatvrpretHtJon 
put  upon  th«  ioiprosBioo  of  some  groat  natural  or  cosiuic  object  or  pltenoineaon; 
while  others,  indudiog  Herbert  Spoiuxr  and  Mr.  Tylor,  prefer  to  aeek  the  originala 
of  religion  in  anccfitrsl  drcam-imagce  and  ghostly  apparitions.  These  nrit^rn 
thus  at^rt  with  completely  anthropomorpluc  t^^rms,  and  their  probbon  U  to 
d^aiiihn>pomorphii«tlieeleinMitstotbe  extent  necMiuu^' to  constitute  thpm  dain 
of  idipon.  The  second  factor  vtandinft  over  against  the  pcntonal,  u  ita  opposite, 
18  that  of  tranaoeudfucc.  By  tnuiacendcnce  I  mean  that  deifying,  Infinltatuig 
pTOceea  that  ia  ever  working  contra  to  the  anthropomorphic  influenoe  io  the 
sphere  of  religious  conceptions.  The  School  of  Spencer  rvgnrd  this  as  the  only 
legitimate  tendency  in  reliction.  We  do  not  arji^ue  tliia  point  heee,  but  agree  that 
it  is  M  legitimate  and  real  a  factor  as  that  of  pt^nonality.  The  root  of  thii  factor, 
if  our  diagooais  of  the  idea  of  religion  be  correct,  is  to  be  sought  in  the  origins! 
imprMnon  of  rdigiou,  and  it  no  doubt  has  itti  origin  in  man's  fevtiog-reaction 
ftam  that  imprenton.  We  have  pcnntad  to  submissioti  as  one  of  the  niltgioue 
anotioDfl.  Now  submission  rests  od  some  deeper  feeliiig-attitude,  which  some 
have  traoElatod  into  the  feeling  or  Bcnac  of  dependence.  This,  however,  is  not 
adequate,  mxee  men  liavc  the  acnae  of  wjcial  d^p^-ndence  on  finite  binngs,  and  we 
have  it  with  rrferencv  to  the  floor  we  are  standing  on.  Hatlirr,  it  «een)S  to  att, 
we  must  tranalate  it  into  the  stronger  and  more  unconditional  feeling  of  help- 
kawinas.  One  real  ground  of  our  religious  oousclousccss  ta  the  svdm  or  feeling  of 
hulplessnoBS  toward  God ;  the  sense  that  wo  have  oo  standing  in  being  as  agslnet 
tite  Deity.  This  radical  feeling  uttem  itaelf  in  every  note  of  tho  religious  scale, 
fiam  the  lowest  superstitious  terror  to  the  highest  mystical  setf>annihilstion. 

"  These  two  factora,  the  forces  of  peisonalisation  and  traosceodence,  are  in- 
saparable.  Tliey  oonstitutc  the  t«nns  of  •  dialectic  within  thn  religioua  onn- 
•oiDUSDess  by  virtue  of  which  in  one  phase  our  religious  conceptions  are  beooniiog 
aver  mora  adequate  and  satisfying,  while  from  auotlutr  point  of  view  their  in- 
sufficiency  grows  more  and  more  apparent.  And,  on  the  broader  field  of  religioua 
history,  they  embody  themselves  in  a  Uw  of  tt^ndency,  wlueh  Spenoer  has  only 
half-«xprcssed,by  virtueof  which  the  ob)ect0of  religion  are  on  one  hand  becoming 
ever  more  intelligible;  on  the  other,  ever  more  transcendent  of  our  conoeptiona . " 


A  short  paper  was  read  by  Frofcasor  F.  C.  French,  Professor  of  Pbiloeophy  in 
the  Uoivennty  of  Nebraska,  oo  "Tlie  Bearing  o(  Certun  Aspects  of  tlie  Newer 
Psychology  on  ihe  Philosophy  of  Religioa."    Tbe  speaker  said  in  port: 

"The  jvUtion  of  adenoe  to  religion  has  received,  to  be  sure,  mueb  study,  but 
to  most  minds  hitherto  this  has  nwant  the  relation  of  only  the  physieal  sctenocs  to 
raBgbHL  The  older  psychology  was  largely  speculative  and  metaphyncal  in 
character.  There  ww«,  o(  oourae,  aocne  wbo  employed  the  empuical  method  in 
psychology,  but  tlwy  were  ao  far  from  oomprahending  the  fuU  scope  of  mental 
phenomena  that,  at  beet,  their  work  gave  the  promise  of  a  adenoa  raUiar  than 
a  Hcieuco  ileclf . 

It  is  not  the  fact  that  the  ncwfr  psychology  takea  aeeinmiof  the  phyvalac>e 
conditions  of  mental  life;  It  la  not  the  fact  that  tbe  8ab|act  is  now  punued 
laboratoriee  with  instruments  of  precinoo,  that  Jpvea  it  its  full  standing  as  a 
•civnoe:  it  is  mudi  mora  tbe  tact  that  tbe  psychoid  ol  to-day  has  fouod  a  place 
in  the  natural  system  of  mental  things  for  those  stiaoge  and  relatively  uau>ual 
phgDomena  of  oonidoyi—  which  to  tha  adantifiealljr  mbidad  aoecnad 
annal  and  to  tha  wpcrathious  maoif  ettationa  of  tho  Mpanaearal.  .  .  . 
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"  Xq  showing  that  the  abDormal  can  be  expluDed  in  tenns  of  the  normal, 
psychology  does  now  for  the  phenomena  of  mind  what  the  phyncal  sdences 
have  long  done  for  the  phenomena  of  nature.  .  .  . 

"  I^chcdogy  as  a  science  postulates  the  reign  of  natural  law  in  the  subjective 
sphere  just  as  rigorously  as  physics  postulates  the  reign  of  law  in  the  objective 
sphere.  .   .   . 

"  It  ia  not  in  the  unusual  and  the  abnormal  that  the  reflective  mind  is  to  see 
Qod.  It  is  not  through  gaps  in  nature  that  we  are  to  get  glimpses  of  the  super- 
natural. Rather  is  it  in  the  very  nature  of  nature,  rational,  harmonious,  law- 
conforming,  subject  to  scientific  interpretation,  that  we  have  the  beet  evidence 
that  the  world  is  made  mind- wise,  that  it  is  the  work  of  an  intelligent  mind,  that 
there  is  a  rational  spirit  at  the  core  of  the  universe. 

"  For  science  the  transcendent  does  not  enter  into  the  perceptual  realm  external 
or  internal.  It  is,  indeed,  hard  for  the  religious  mind  to  admit  this  fact  in  all 
its  fullness.  Until  it  does,  however,  religion  must  always  stand  more  or  less  in 
fear  of  science.  Once  give  up  the  perceptual,  in  all  its  bearings,  to  science,  and 
religion  will  find  that  it  has  lost  a  weak  support  only  to  gain  a  stronger  one. 
Ultimately,  I  believe,  we  shall  find  that  the  fuU  acceptance  of  science  in  the  mental 
domain  as  well  as  in  the  physical  will  strengthen  the  rational  grounds  of  theistic 
beUef." 
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iHaU  6,  September  22, 10  o.  m.) 

Chairiun:  FsorsssoB  Oeobgb  U.  Duncan,  Yale  UmTerrity. 
St>BAxaBs:  pBorsssoa  William  A.  EkiacoND,  Cornell  Univeiat?. 

PaoFxasos  Fbxdbbick  J.  E.  Woodbbidob,  Columbia  UnivetBH;^. 
Sbcbbtabt:  Db.  W.  H.  Shsldon,  Columbia  Uuiveinty. 

The  Chairman  of  this  Section,  Professor  George  M.  Duncan,  Pro- 
fessor of  Logic  and  Mathematics  at  Yale  University,  in  introducing 
the  speakers  spoke  briefly  of  the  scope  and  importance  of  the  sub- 
ject assigned  to  the  Section;  expressed,  on  behalf  of  those  in  attend- 
ance, regret  at  the  inability  of  ProfMsor  Wilhelm  Windelband  to 
be  present  and  take  part  in  the  work  of  the  Section,  as  had  been 
expected;  congratulated  the  Section  on  the  papers  to  be  presented 
and  the  speakers  who  were  to  present  them;  and  announced  the 
final  programme  of  the  Section. 


THE  RELATIONS  OF  LOGIC  TO  OTHER  DISCIPLINES 

6T    PROPKSSOR     WILMAU    A.  HAUMOND 

fWUluun  Aiexaader  Hanunond,  AMistont  Piofoworol  Ancicot  and  Medieval 
Philosophy  and  .^thctica.  Cornell  University,  b.  May 'iO,  I80I,  New  Ath- 
ems,  Ohio.'  AH.  Hsrvurd,  1885;  Ph.D.  Leipxig,  ISSH,  l*cton>r  ntiDiuwira, 
Kiiig'»  Colk-ac,  Wiudsor,  N.S.,  1885-88;  Secrottry  ol  Iht-  Uuivcr«ity  Fat- 
uity-, Cornell;  MeiiiUcr  American  rsycholoi^«al  AseocJiition.  Atiiericun 
Philo4H>phi4r»t  AwHiciatinn.  Author  of  Thr  Charartrrif  of  TheaphnuhtM, 
tnuulal-Ml  with  lutruduction  ;  Arittollt'B  Paychology,  translated  with  Intro- 
duction.] 

In  1787,  in  th«  preface  to  the  second  edition  ofthe  A'r.d.r.  V.,  Kant 
wrote  tiie  following  n-orda:  ''That  logic,  from  the  earliest  times. 
haa  foUowe*.!  that  secure  method  "  (namely,  the  secure  method  of  a 
science  witnessed  by  the  unanimity  of  ita  workers  and  the  stability 
of  i(a  restUte)  "  may  be  seen  from  (he  fact  that  since  Aristotle  it  has 
not  had  to  retrace  a  single  step,  unless  we  choose  to  consider  as 
improvements  the  removal  of  some  unnecessary  subtleties,  or  rhe 
clearer  definition  of  its  matter,  both  of  which  refer  to  the  elegance 
rather  than  to  the  solidity  of  the  science.  It  is  remarkable,  also,  thf 
to  the  present  day,  it  has  not  been  able  to  make  one  step  in  advancejl 
ao  that  to  all  appearaacee  it  may  be  considered  as  completed  and 
perfect.  If  some  modem  philosophers  thought  to  enlarge  it,  by 
introducing  psychological  chapters  on  the  different  faculties  of 
knowledge  (faculty  of  imagination,  wit,  etc.) .  or  metaphyncal  chapters 
on  the  origin  of  knowledge  or  different  degrees  of  certainty  accord- 
ing to  the  difference  of  objects  (idealism,  skepticism,  et<.).  or,  lastly, 
anthrojyolo^cal  chapters  on  prejudices,  their  causes  and  remedies, 
this  covild  only  arise  from  their  ignorance  of  the  peculiar  nature  ofg 
logical  science.  We  do  not  enlarge,  but  we  only  disfigure  the  sciences' 
if  we  allow  their  respective  limits  to  be  confounded;  and  the  limits 
of  logic  are  definitely  fixed  by  the  fact  that  it  is  a  science  which  has 
nothing  to  do  hut  fully  to  exhibit  and  strictly  to  prove  the  formal 
rules  of  all  thought  (whether  it  be  a  prwri  or  empirical,  whatever  be 
ita  origin  or  its  object,  and  whatever  be  the  impediments,  accidental 
or  natural,  which  it  has  to  encounter  in  the  human  mind)."  — [Tmna- 
laled  by  Max  Miillerl  Scarcely  more  than  half  a  century  after  the 
publication  of  this  statement  of  Kant's,  John  Stuart  Mill  (Inli 
duction  to  .'iygtcm  of  Logic)  wrote:  "There  is  as  great  diversity 
among  authors  in  the  modes  which  tJiey  have  adopted  of  defining 
lope,  as  in  their  treatment  of  the  details  of  it.  This  is  wha| 
might  naturally  be  expected  on  any  subject  on  which  writers  havi 
availed  themselves  of  the  same  language  as  a  moans  of  delivering 
tUfferent  Ideas.  .  .  .  This  diverrity  is  not  so  much  an  evil  to  he 
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complained  of,  as  an  inevitable,  and  in  some  d^ree  a  prtiper  result 
of  Ihe  imperfect  state  of  those  sciences  "  (that  is,  of  logic,  jurispru- 
dence, and  ethics).  "  It  is  not  to  be  expectixl  Ituit  tliere  should  be 
agreement  about  the  definition  of  anythinf:,  until  there  is  agree- 
ment about  the  thing  itself."  This  remarkable  disparity  of  opinion 
is  duo  partly  to  the  changes  io  the  treatment  nf  logic  from  Kant  to 
Mill,  and  partly  to  the  fact  that  both  statcmenlB  are  extreme.  That 
the  science  of  logic  was  "eomplotcd  and  perfect"  in  the  time  of 
Kant  could  only  with  any  degree  of  accuracy  be  said  of  the  treat- 
ment of  syllogi&tic  proof  or  the  deductive  logic  of  ArietoUe.  That 
the  divergity  was  so  great  as  pictured  by  Mill  Is  not  historically 
exact,  but  could  be  said  only  of  the  new  epistemo logical  and  psycho- 
logical treatment  of  logic  and  not  of  the  traditional  formal  logic. 
The  confusion  in  logic  is  no  doubt  largely  due  to  disagreement  in 
the  delimitation  of  its  proper  territor)'  and  to  the  consequent  variety 
of  opinions  as  to  its  relations  to  other  disciplines.  The  rise  of  induct- 
ive logic,  coincident  with  the  rise  and  growth  of  physical  science 
and  empiricism,  forced  the  consideration  of  the  question  as  to  the 
relalioD  of  formal  thought  to  reality,  and  the  consequent  entangle- 
ment of  logic  in  a  triple  alliance  of  logic,  psychology,  and  meta- 
physics. How  logic  can  maintain  frieudly  relations  with  both  of 
tlMoeandyet  avoid  endangering  its  territorial  integrity  has  not  been 
made  clear  by  logicians  or  p.sychoIogists  or  metaphysicians,  and 
that,  too,  in  spite  of  pcr!>i&tent  attempts  justly  to  settle  the  is«ue  as 
to  ilicir  respective  spheres  of  influence.  L'ntil  modem  logic  detiiiitely 
settles  the  question  of  its  aiins  and  legitimate  problems,  it  is  ditlicult 
to  see  how  any  agrcument  can  be  rcacfae<l  as  to  ita  relation  to  the 
other  disciplines.  The  situation  as  it  confronts  one  in  the  discus- 
sion of  the  relations  of  logic  to  allied  subjects  may  be  aoalyKcd  as 
follows: 

1.  The  relation  of  logic  as  science  to  logic  as  art. 

2.  The  relation  of  logic  to  psychology, 

3.  The  relation  of  logic  to  metaphysics. 

Thedevelopment  of  nineteenth  centun,'  logic  has  made  an  answer  to 
the  last  two  of  the  foregoing  problems  exceedingly  difiicult.  Indeed. 
one  may  say  that  the  evolution  of  modem  epistLMnolog>'  has  had  a 
centrifugal  influence  on  logic,  and  instead  of  growth  towards  unity 
of  conception  we  have  a  chaos  of  diverse  and  discordant  theories. 
The  apple  of  discord  has  been  the  theory  of  knowledge.  A  score  of 
years  ago  when  Adamson  wrote  his  admirable  article  in  the  Enry- 
dopttdia  Britannica  (article  "Logic,"  1882).  he  found  the  conditions 
much  the  same  as  I  now  find  them,  "  Looking  to  the  chaotic  state  of 
logical  text-books  at  the  present  time,  one  would  l>e  inclined  to  say 
that  there  does  not  exist  anywhere  a  recognized  currently  received 
body  of  speculations  io  wbiob  the  title  logic  can  be  unambiguously 
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aasigned,  and  Lhat  we  must  therefore  resign  the  hope  of  attaining 
t>y  any  empirical  consideration  of  the  receiveil  doctrine  a  precise 
determination  of  the  nature  and  limits  of  logical  theory."  I  do  not. 
however,  take  quite  so  despondent  a  view  of  the  logical  chaos  as 
the  late  Professor  Adamson;  rather,  I  l)clicvc  with  Professor Stratton 
(P«y.  Rev.  vol.  in)  that  somettiing  is  to  bo  gained  for  unity  and 
consistency  by  more  exact  delimitation  of  the  subject-matter  of 
the  philosophical  disciplines  and  their  interrelations,  which  pre- 
cision, if  secured,  would  assist  in  bringing  into  clear  relief  the  real 
problems  of  the  several  departments  of  inquiry,  and  facilitate  the 
proper  classification  of  the  disciplines  themselves. 

The  attempt  to  deUmit  the  spheres  of  the  disciplines,  to  state  their 
interrelations  and  chissify  them,  was  made  early  in  the  history  of 
philosophy,  at  the  very  b^inning  of  the  development  of  logic  aa 
a  science  by  Aristotle.  In  Plato's  philosophy,  logic  is  not  separated 
from  epistemology  and  metaph>'sic3.  The  key  to  his  metaphysics  is 
given  essentially  in  hia  theory  of  the  reality  of  the  concept,  which 
(Fflfers  on  interesting  analogA'  to  the  position  of  logic  in  modem 
idealism.  Before  Plato  there  was  no  formulation  of  logical  theory, 
und  in  his  dialogues  it  ia  only  contained  in  solution.  The  nearest 
approach  to  any  formulation  is  to  be  found  in  an  applied  lo^o  set 
forth  in  the  precepts  and  rules  of  the  rhetoricians  and  sophists. 
Properly  speaking,  .\ristotle  made  the  first  attempt  to  define  the 
subject  of  logic  and  to  determine  its  relations  to  the  other  sciences. 
In  a  certain  sense  logic  for  Aristotle  is  not  a  science  at  all.  For 
science  ia  concerned  with  some  ais,  some  branch  of  reality,  while 
logic  is  concerned  with  the  meth<KloIogy  of  knowing,  with  the 
formal  processes  of  thought  whereby  an  ens  or  a  reality  is  ascertained 
and  appropriated  to  knowledge.  In  the  sense  of  a  method  whereby 
all  Bcttintitiu  knowledge  is  secured,  logic  is  a  prop:edeutic  to  the 
sciences.  In  the  idealism  of  the  Kleatics  and  Hato,  thought  and  being 
are  ultimately  identical,  and  the  laws  of  thought  are  the  latrs  of 
being.  In  Aristotle's  conception,  while  the  processes  of  thought 
furnish  a  knowledge  of  reality  or  being,  their  formal  operation  con- 
stitutes the  technique  of  investigation,  and  their  systematic  explana- 
tion and  description  constitute  logic.  Logic  and  metaphysics  are  dis- 
tinguished ae  the  science  of  being  and  the  doctrine  of  the  thought- 
processes  whereby  being  is  known.  Logic  is  the  doctrine  of  the 
organon  of  science,  and  when  applied  is  the  organon  of  science.  Tlio 
logic  of  Aristotle  is  not  a  purely  formal  logic.  He  is  not  interested  in 
the  merely  schematic  character  of  the  thought-processes,  but  in 
their  function  as  mediators  of  apodictic  truth.  He  begins  with  the 
aMuroption  that  in  the  conjunction  and  disjunction  of  correctly 
formed  judgments  the  conjunction  or  disjunction  of  reality  is  mir- 
rored.  Aristotle  doee  not  here  examine  into  the  powers  of  the  mind 
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as  a  whole;  that  is  done,  though  fragmeniarily,  Ln  the  De  Amma  and 
Parva  Waiitralia,  where  the  mental  powere  are  regarded  as  phases  of 
the  processeaof  nature  without  reference  to  nonnation ;  hut  in  his  logic 
he  inquires  only  into  those  forms  and  laws  of  thinking  which  mediate 
proof.  Scientific  proof,  in  hid  conception,  Is  furnitnlicd  in  the  form  of 
the  syllogism,  whose  cuinjHmejit  elements  are  terms  and  propoeittons. 
In  the  little  tract  On  Inierprelation  {«'.  e.  on  the  judgment  as  inter- 
preter of  thought),  if  it  is  genuine,  the  proposition  is  oonaidered  in 
its  logical  bearing.  The  treatise  on  the  Caiefforiea,  which  discusses 
the  nature  of  the  most  gcnenl  terms,  forms  a  connecting  link  be- 
tween logic  and  mptaphy.sic8.  The  categorios  are  the  most  general 
ooDC^ts  or  univcrt^al  uiodiis  under  which  we  have  knowledge  of 
the  world.  They  are  not  simply  logical  relations;  they  are  existential 
forms,  being  not  only  Ihc  modes  under  which  thought  regards  being, 
but  the  modes  under  which  being  exists.  Aristotle's  theory  of  the 
nietfaodolt^  of  science  is  intimately  connected  with  his  view  of 
knowledge.  Scientific  knowledge  in  his  opinion  refers  to  the  essence 
of  things;  for  example,  to  those  universal  aspects  of  reaUty  which 
are  given  in  partioulais,  but  which  remain  self-identical  amidst  the 
variation  and  passing  of  particulars.  The  universal,  however,  b 
known  only  through  and  after  particulars.  There  is  no  such  thing 
as  innate  knowledge  or  Platonic  reminiscence.  Knowledge,  if  not 
entirely  empirical,  has  its  ba.sis  in  empirical  reality.  Causes  are 
known  only  through  effects.  The  imiversals  have  no  existence  apart 
from  things,  although  they  exist  Tcaliter  in  things.  Empirical  know- 
ledge of  particulars  must,  therefore,  precede  in  time  the  conceptual 
or  scientiUc  knowledge  of  univereals.  In  the  evolution  of  scientific 
knowledge  in  the  individual  mind,  the  body  of  particular  or  of 
sense-experience  is  to  its  conceptual  transformation  as  potentiality 
is  to  actuality,  matter  to  form,  the  completed  end  of  (he  former 
being  reaUzed  in  the  latter.  Only  in  the  sense  of  this  power  to  trans- 
form and  conceptualise,  does  the  mitid  have  knowledge  within  itself. 
The  genetic  content  is  experiential;  the  developed  concept,  judg- 
ment, or  inference  is  in  /wm  noetic.  Knowledge  is,  therefore,  not 
a  mere  "precipitate  of  experience,"  nor  is  Aristotle  a  complete 
empiricist.  The  conceptual  form  of  knowledge  is  not  immediately 
given  in  things  experienced,  but  is  a  product  of  noetic  discrimination 
and  combination.  Of  a  sensible  object  as  such  there  is  no  concept; 
the  object  of  a  concept  is  the  generic  essence  of  a  thing;  and  the 
concept  itself  is  the  thought  of  this  generic  essence.  The  individual 
togeDeralixed;  every  concept  does  or  can  embrace  several  individuals. 
It  la  an  "  aggregate  of  distinguishing  marks, "  and  is  expressed  in  a 
definition.  The  concept  as  such  is  neither  true  nor  false.  Tnith  first 
arises  in  the  form  of  a  judgment  or  proportion,  wherein  a  subject 
\b  coupled  with  a  predicate,  &nd  something  is  said  about  something. 
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A  judgnwDt  is  true  when  the  thought  (whose  inward  procese  is  the 
judgment  and  the  expreraioQ  in  vocal  symbols  is  the  proposition) 
regards  aa  conjoined  or  diWded  that  which  is  conjoined  or  di\Tded 
in  actuality;  in  other  worda,  when  the  thought  is  congruous  with 
the  real.  While  Aristotle  does  not  ignore  induction  as  a  scientific 
method,  (how  could  he  when  he  regards  the  self-eubeistent  individual 
aa  the  only  reAl?)  yet  he  says  that,  as  a  method,  it  labors  under 
the  defect  of  being  only  projcimate;  a  complete  induction  from  all 
particulars  is  not  possible,  and  therefore  cannot  furnish  demonstra- 
tion. Only  the  deductive  process  proceeding  syllogistically  from 
the  universal  (or  essential  truth)  to  the  particular  is  scientificftUy 
cogent  or  apodictic.  Consequently  Aristotle  developed  the  science 
of  logic  mainly  as  a  syllogistic  technique  or  instrument  of  demon- 
stration. From  this  brief  sketch  of  Aristotle's  logical  views  it  will^ 
bo  seen  that  the  epistemological  and  metaphysical  relations  of' 
logic  which  involve  its  greatest  difficulty  and  cause  the  greatest 
diversity  in  its  modem  exponents,  were  present  in  undeveloped 
form  to  the  mind  of  the  first  logician.  It  would  require  a  mighty 
optimism  to  suppose  that  this  diffictilty  and  diversity,  whirh  ha« 
increased  rather  than  diminished  in  the  progress  of  historical  philo- 
sophy, should  suddenly  be  made  to  vanish  by  some  magic  of  re- 
statement  of  subject-matter,  or  theoretical  delimitation  of  the 
discipline.  As  Fichte  said  of  philosophy,  "The  sort  of  a  philosophy 
that  a  man  has,  depends  on  the  kind  of  man  he  is;"  so  one  might 
almost  say  of  logic,  "The  sort  of  logic  that  a  man  has,  depends  on 
the  kind  of  philosopher  he  is."  If  the  blight  of  discord  ts  ever  re- 
moved from  epiatcmology,  we  may  expect  agreement  as  to  the  reln^ 
tions  of  logic  to  metaphysics.  Meanwhile  logic  has  the  great  body 
of  scientific  results  deposited  in  the  phynical  sciences  on  which  tOj 
build  and  teat,  with  some  asstirancc,  its  doctrine  of  methodology;^ 
and  aa  philosophy  moves  forward  persistently  to  the  final  solution 
of  it«  problems,  logic  may  justly  expect  to  be  a  beneficiary  in  ittj 
eatabliahed  theories. 

After  Aristotle's  death  logic  lapsed  into  a  fonnalism  more  and 
more  removed  from  any  vital  connection  with  reality  and  obti\-ioua 
to  the  profound  epbtemological  and  meihodologteal  questions  that 
Aristotle  had  at  least  raised.  In  the  Middle  Ages  it  became  a  highly 
developed  exercise  in  inference  applied  to  the  traditional  dogmas  of 
theology  and  acienee  as  premises,  with  mainly  apologetic  or  polemi- 
cal functions.  Its  chief  importance  is  found  in  its  application  to  the 
problem  of  realism  and  nominalism,  the  question  as  to  the  nature  of 
universals.  At  the  height  of  schalaatieism  realism  gained  its  victory 
by  syllogistically  showing  the  congniity  of  !ls  premisoa  with  certain 
fundamental  dogmss  of  the  Church,  especially  with  the  dogma  of  the 
unity  and  reality  of  the  Godhead.  The  heretical  concluflion  invoU'ed 
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in  nominalism  U  equivalent  (the  acoepted  dogma  of  the  Church  be- 
iDg  axiomatic)  to  reductio  ad  absurdum.  A  lue  of  logic  such  as  this, 
lending  to  coiisen'e  rather  than  to  increase  the  body  of  knowledge, 
was  bound  to  meet  with  attack  on  the  awakening  of  post-renaissance 
interest  in  the  physical  world,  and  the  acquirement  of  a  body  of  truth 
to  which  the  scholastic  formal  lugic  bad  no  relation.  The  anti-ficholas- 
iic  movement  in  logic  was  inaugurated  by  Francis  Bacon,  who 
sought  in  his  Novum  Orgamim  to  give  science  a  real  content  through 
the  application  of  induction  to  experience  and  the  discovery  of 
universal  truths  from  particular  inst&nces.  The  syllogism  is  rejected 
as  a  scientific  instrument,  because  it  does  not  lead  to  principles,  but 
proceeds  only  from  principles,  and  is  therefore  not  useful  for  di»- 
covery.  It  permits  at  most  only  refinements  on  knowledge  already 
possessed,  but  cannot  be  regarded  as  creative  or  productive.  The 
Baconian  theory  of  induction  regarded  the  accumulation  of  facta 
and  the  derivation  of  general  principles  and  lan-s  from  them  as  the 
true  and  fruit  fid  method  of  science.  In  Kngland  this  empirical  view 
of  logic  has  been  altogether  dominant,  and  the  most  illustrious  Eng- 
lish exponents  of  logical  theory,  Herechel,  Whewell,  and  Mill, 
have  stood  on  that  ground.  Since  the  introduction  of  German 
idealism  in  the  last  half  centurj'  a  new  logic  has  grown  up  whose 
chief  business  is  with  the  theory  of  knowledge. 

Kant's  departure  in  logic  is  based  on  an  epistemological  examin- 
ation of  the  nature  of  judgment,  and  on  the  answer  to  his  own 
question,  "How  are  synthetic  judgments  o  prion  possible?"  The 
a  pnori  elements  in  knowledge  make  knowledge  of  the  real  nature  of 
things  impossible.  Human  knowledge  extends  to  the  phenomenal 
world,  which  is  seen  under  the  a  priori  forms  of  the  understanding. 
Logic  for  Kant  is  the  science  of  the  formal  and  neceasary  laws  of 
thought,  apart  from  any  reference  to  objects.  Pure  or  universal 
logic  aims  to  understand  the  forms  of  thought  without  regard  to  meta- 
physical or  psychological  relations,  and  this  position  of  Kant  is  the 
historical  beginning  of  the  subjective  formal  logic. 

In  the  metaphysical  logic  of  Hegel,  whioh  rests  on  a  panlogwtic 
basis,  being  and  thought,  form  and  content,  are  identical.  logical 
necessity  is  the  measure  and  criterion  of  objective  reality.  The  body 
of  reality  is  developed  through  the  dialectic  self-movement  of  the 
idea.  In  such  an  idealistic  monism,  formal  and  real  logic  are  by  the 
metaphysical  postulate  coincident. 

Schleiermacher  in  his  dialectic  regards  logic  from  the  standpoint 
of  epistemological  realism,  in  which  the  real  deliverances  of  the 
Muses  are  conceptually  tran.'sformed  by  the  spontaneous  activity 
of  reason.  This  spirit  of  realiflm  is  similar  to  that  of  Aristotle, in  which 
the  one-sided  a  priori  \-iew  of  knowledge  is  controverted.  Space  and 
time  are  forms  of  the  existence  of  things,  and  not  merely  a  ipriori 
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fomifi  of  knowing.  Lo^c  he  divides  into  dialectic  and  technical 
logic.  The  former  regards  the  idcA  of  knowledge  OS  such;  the  formal 
or  technical  regards  knowledge  in  the  process  of  becoming  or  the 
idea  of  knowledge  in  motion.  The  forms  of  this  process  arc  induction 
and  deduction.  The  Hegelian  theory  of  the  generation  of  knowledge 
out  of  the  processes  of  pure  thought  is  emphatically  rejected. 

Lotze,  who  is  undoubtedly  one  of  the  most  influential  and  fruitful 
writers  on  logic  in  the  last  century,  attempts  to  bring  logio  into 
closer  relations  with  contemporary  science,  and  is  an  antagonist  of 
one-flided  formal  logics.  For  him  logic  falls  into  the  three  parts  of 
(1)  pure  logic  or  the  logic  of  thought;  (2)  applied  logic  or  the  logic 
of  investigation ;  (3)  the  logic  of  knowledge  or  methodology;  and  this 
claa-sification  of  the  matter  and  problems  of  logic  has  bad  an  im- 
portant influence  on  subsequent  treatises  on  the  diHcipline.  His 
logic  is  formal,  as  he  describes  it  himself,  in  the  sense  of  setting  forth 
the  modes  of  tbe  operation  of  thought  and  iUi  logical  structure;  it  is 
real  in  the  seiiBe  that  these  forms  are  dependent  on  the  nature  of 
things  and  not  something  independently  given  in  the  mind.  While 
he  aims  to  maintain  the  distinct  separation  of  logio  and  metaphysics, 
he  says  (in  the  discussion  of  the  relations  between  format  and  real 
logical  meaning)  the  question  of  meaning  naturally  raises  a  meta- 
physical problem:  "  Ich  thuo  besser  der  Hetapliysik  die  wcitcre 
Erorterung  dieses  wichligen  Punktes  zu  iiberiastirn."  (Log.  2d  ed. 
p.  571.)  How  could  it  be  otherwise  when  his  whole  view  of  the  rela- 
tions and  validity  of  knowledge  is  inseparable  from  his  realism  or 
teleological  idealism,  as  he  himself  characterizes  his  own  standpoint? 

Drobisch,  a  follower  of  Herbart,  ts  one  of  the  most  thoroughgoing 
formalists  in  modern  logical  theory.  He  attempts  to  maintain  strictly 
the  distinction  between  thought  and  knowledge.  Logio  is  the  science 
of  thought.  He  holds  that  there  may  bo  formal  truth,  for  example, 
logically  valid  truth,  which  is  materially  false.  Logic,  in  other  words, 
is  purely  formal;  material  truth  is  matter  for  metaphysics  or  science. 
Drobisch  holds,  therefore,  that  the  falsity  of  the  judgment  expressed 
in  the  premise  from  which  a  formally  correct  syllogism  may  be  deduced, 
is  not  subject-matter  for  lo^c.  The  sphere  of  logic  is  limited  to  the 
region  of  inference  and  forms  of  procedure,  liia  view  of  the  nature 
and  function  of  logio  being  determined  largely  by  the  biaa  of  his 
mathematical  standpoint.  The  congruity  of  thought  with  Itaelf, 
judgments,  conoluaiona,  analyses,  etc.,  is  the  sole  logical  truth,  aa 
against  Trendelenburg,  who  took  the  Ahetotellau  posiUoD  that  log- 
ical truth  is  tbe  "agreement  of  thought  with  the  object  of  thought," 

Sigwart  looks  at  logic  mainly  from  the  standpoint  of  tlie  tach- 
Dology  of  science,  in  which,  however,  he  disoovere  the  impUcatioos 
of  a  teleological  metapbysic.  Between  the  prooeesea  of  oonaoious- 
ness  and  external  changes  he  finds  a  causal  relation  and  not  paraUcU 
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Inasmuch  as  thought  sometimes  misses  its  aim,  as  is  shown 
l>y  the  fact  tJiat  error  and  dispute  exist,  there  is  need  of  a  discipline 
whose  purpose  is  to  show  us  how  to  attain  and  establish  truth  and 
avoid  error.  This  is  the  practical  aim  of  logic,  as  distinguished  from 
the  psycholopcal  treatment  of  thought,  where  the  distinction  between 
true  and  false  has  no  more  place  than  the  distinction  between  good 
and  bad.  Logic  presupposes  the  impulse  to  discover  truth,  and  it 
therefore  sets  forth  the  criteria  of  true  thinking,  and  endeavors 
to  describe  those  normative  operations  whose  aim  is  validity  of 
judgment.  Consequently  logic  falls  into  the  two  parts  of  (1)  critical, 
(2)  technical,  the  former  having  meaning  only  in  reference  to  the 
latter;  the  main  value  of  logic  is  to  be  sought  in  its  function  as  art. 
"Methodology,  therefore,  which  is  generally  made  to  take  a  subor> 
dinate  place,  should  be  regarded  as  the  special,  final,  and  chief  aim  of 
our  science."  {Ijogic,  vol.  i,  p.  21,  Eng.  Tr.)  As  an  art,  logic  under- 
takes todetcrmineunder  what  conditions  and  prescriptions  judgments 
are  valid,  but  docs  not  undertake  to  passupon  the  validity  of  the  coo- 
tent  of  pvcn  judgments.  Its  prescriptions  ha^'c  regard  only  to  formal 
oorrectnes.s  and  not  to  the  material  truth  of  results.  Logic  is,  there- 
fore, a  formal  discipline.  Its  business  is  with  the  due  procedure  of 
thought,  and  it  attempts  to  show  no  more  than  how  we  may  advance 
in  the  reasoning  process  in  such  way  that  each  Bt«p  is  valid  and 
necessary.  If  logic  were  to  tell  us  what  to  think  or  give  ua  the  con- 
tent of  thought,  it  would  be  commensurate  with  the  whole  of  science. 
Sigwart,  however,  does  not  mean  by  formal  thought  independence  of 
content,  for  it  is  not  possible  to  disregard  the  particular  manner  in 
which  the  materials  and  content  of  thought  are  delivered  through 
sensation  and  formed  into  ideas.  Further,  logic  having  for  its  chief 
businces  the  methodology  of  science,  the  development  uf  knowledgo 
ftom  empirical  data,  it  ought  to  include  a  theory  of  knowledge,  but 
it  should  not  so  far  depart  from  its  subjective  limits  as  to  include 
within  its  province  the  discussion  of  metaphysical  impUcationa  or 
a  theory  of  being.  For  this  reason,  Sigwart  relegates  to  a  postscript 
hta  discussion  of  teleology,  but  he  gives  an  elaborate  treatment  of 
epistemology  extending  through  vol.  i  and  develops  his  account  of 
methodology  in  vol.  ii.  The  question  regarding  the  relation  between 
neceeaity,  the  element  in  which  logical  thought  moves,  and  freedom, 
the  postulate  of  the  will,  carries  one  l>eyond  the  confines  of  lo^c  and 
IB,  in  his  opinion,  the  profoundest  problem  of  metaphysics,  whose 
function  is  to  deal  with  the  ultimate  relation  between  "subject 
and  object,  the  world  and  the  individual,  and  this  is  not  only  basal 
for  logic  and  all  science,  but  is  the  crown  and  end  of  them  all." 

Wundt's  psychological  and  methodological  treatment  of  logic 
■  stands  midway  between  the  purely  formal  treatises  on  the  one  hand , 
Aod  the  metaphysical  treatises  on  the  other  hand.    The  general 
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standpoint  of  Wundt  is  similar  to  that  of  Sif;wart,  in  that  he  dis- 
covers the  function  of  logic  in  the  exposition  of  the  formation  and 
methods  of  scientific  knowledj^e;  for  example,  in  epistemoloj;}'  and 
raethodolo(5y.  Logic  must  conform  to  the  conditions  vinder  which 
scientific  inquiry  is  actually  carried  on;  the  forms  of  thought, 
therefore,  cannot  be  separate  from  or  indifferent  lo  the  content  of 
knowledge;  for  it  is  a  fundamental  principle  of  science  that  its 
particular  methods  are  determined  by  the  nflture  of  itfl  particular 
snbjpct-mattcr.  Scientific  logic  miwt  reject  the  theory  that  idontificA 
thought  and  being  (Hegel)  and  the  theory  of  parallelism  between 
thought  and  reality  (8chleicrmacher.  Trendelenburg,  and  Ueberweg), 
in  which  the  ultimate  identity  of  the  two  is  only  concealed.  Both 
of  these  theories  haao  logic  on  a  metaphysics,  which  makes  it  nec- 
essary to  coiuttrue  the  real  in  terms  of  thought,  and  logic,  so  di- 
vorced from  empirical  reality,  bi  powerless  to  explain  the  methods  of 
scientific  procedure.  One  cannot,  however,  avoid  the  acceptance  of 
thought  as  a  competent  organ  for  the  interpretation  of  reality,  unices 
one  abandons  all  question  of  validity  and  accepts  agnoaticiBm  or 
skepticism.  TTiis  interpretative  power  of  thought  or  congruity  with 
reality  is  translated  by  mctaph^'Bical  logic  into  identity.  Metaphysical 
logic  concerns  itself  fundamentally  K-ith  the  content  of  knowledge,  not 
with  its  evidential  or  formal  logic-al  aspects,  but  with  being  and  the 
laws  of  ijeing.  It  is  the  business  of  metaphysics  to  construct  ila 
notions  and  theorieu  of  reality  out  of  the  deliverances  of  the  special 
acienoett  and  inferences  derived  therefrom.  The  aim  of  metaphysics 
is  the  development  of  a  world- view  free  from  inlenial  contradictions, 
a  view  that  shall  unite  all  particular  and  plural  knowledges  into  a 
whole.  Logic  stands  in  more  intimate  relation  to  the  special  sciences, 
for  here  the  relations  are  reciprocal  and  immodiate;  for  example, 
from  actual  anientilic  procedure  logic  al)Atraets  its  general  laws  and 
result*,  and  tbcHC  in  turn  it  delivers  to  the  sciences  as  their  formu- 
lateil  methodology.  In  the  history  of  neience  the  winning  of  know- 
lodge  preccdcti  the  formulation  of  the  rules  croployp<l,  that  ts.  pre- 
oedea  any  acientifie  methodolug>".  Ixigie,  as  methodology,  h  not  an 
n  priori  construction,  but  has  its  genesis  in  the  growth  of  scienoe 
itself  and  in  the  discovery  of  those  teste  and  criteria  of  truth  which 
are  found  to  posses  an  actual  heuristic  or  evidential  value.  It  is 
not  practicable  to  e.-parate  epistemology  and  logic,  for  such  cod- 
ccpts  as  oausaltty,  analogy,  validity,  etc.,  are  fundanienl-al  in  logical 
method,  and  yol  they  belong  to  the  territory  of  epistemology,  are 
eptfrtciuologicaj  in  nature,  as  one  may  indeed  say  of  all  the  general 
laws  of  thought.  A  formal  logic  that  is  merely  propipdeutio.  a  logic  that 
aims  to  free  it'^lf  from  the  quarrels  of  epistemology,  is  scienti5c&lly 
UftelMRk  Ita  Dorms  are  vaJuelees,  in  so  far  «a  they  can  only  tearh  the 
Acrugement  of  knowledge  already  poeseased,  and  teach  nothing  as  to 
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how  to  secure  it  or  teat  its  real  validity.  While  formal  logic  aims  to 
put  itself  outside  of  philosophy,  met-a physical  logic  would  usurp 
the  place  of  philosophy.  Fonnal  logic  \b  inadeqiiute,  because  it 
neither  shows  how  the  laws  of  thought  originate,  why  they  are 
valid,  nor  in  what  sense  thoy  are  applicable  to  concrete  investigation. 
VVundl,  therefore,  develops  a  logic  which  one  may  call  epistcmo- 
logical  methodological,  and  which  stands  between  the  extremes  of 
fnnnal  logic  and  metaphysical  logic.  The  laws  of  logic  muat  be 
derived  from  the  processfs  of  psychic  experience  and  the  proctfduro 
of  the  sciences.  "  Lope  therefore  needs,"  as  he  saj's,  "epistemology 
for  its  foundation  and  the  di>ctrine  of  methods  for  its  completion." 

Lipps  takes  t.he  view  uutrighl  that  logic  is  a  branch  of  psychology; 
Husseri  in  his  latest  book  goes  to  the  other  extreme  of  a  piu^ly 
formal  and  technical  logic,  and  devotes  ahnoBl  his  entire  first  volume 
to  the  complete;  sundering  of  psychology  and  logic. 

Bradley  bases  hia  logic  on  the  theory  of  the  judgment.  Tlie  logical 
judgment  is  entirely  difTcrent  from  the  psychological.  The  logical 
judgment  is  a  qualiticatiiju  of  reality  by  means  of  an  idea.  The 
predicate  is  an  adjective  or  attribute  which  in  the  judgment  is 
a.4(Tibefl  to  reality.  The  aim  cf  truth  is  to  qualify  reality  by  general 
notions.  Hut  inasmuch  as  reality  is  individual  and  si>lfH>\istentr 
whereas  truth  Is  universal,  truth  and  reality  are  not  coincident. 
Kmdiey's  metaphysical  solution  of  the  disparity  l>etween  thought 
and  reality  is  put  forward  in  his  theory  of  the  unitary  Alisolute, 
whose  concrete  content  is  tlie  totality  of  experience.  But  as  thought 
is  not  the  whole  of  exijericriee.  judgments  cannot  rompass  the  whole 
of  n'alrty.  Bosanquetol)joct8  to  this,  and  maintains  that  reality  must 
not  be  regarded  aean  ideal  cnnstniction.  Thereat  world  is  the  world  to 
which  our  eoncrpts  and  judgments  refer.  In  the  former  we  hove  a 
world  of  isolatwl  individuals  of  definite  content;  in  the  latter,  we  have 
a  world  of  definitely  systematized  and  organized  content.  Under  the 
title  of  the  Morphology  of  Knowledge  Bosanquet  considers  the  evo- 
lution of  judgment  and  inference  in  their  varied  forms.  "  Logic  starts 
from  the  individual  mind,  as  that  within  which  we  have  the  actual 
facts  of  intelligence,  which  we  are  attempting  to  interpret  into  a  sys- 
t^-m  "  {Loffic,  vol.  I,  p.  247),  The  real  world  for  every  individual  is  Aw 
world.  "The  work  of  intellectually  oonstituting  that  totality  which 

call  the  real  world  is  the  work  of  knowledge.  The  work  of  analys- 
the  process  of  this  constitution  or  determination  is  the  work  of 
logic,  which  might  be  described  ...  as  t})e  reflection  of  knowledge 
upon  itself  "  {Logic,  vol.  i.  p.  3).  "The  relation  of  logic  to  truth  eon- 
siste  in  examining  the  characteristics  by  which  the  various  phases 
of  the  one  intellectual  function  arc  fitted  for  their  place  in  the 
intellectual  totality  which  constituteg  knowledge  "  (ibid.).  The  real 
world  is  the  intelligible  world;  reality  iawmetliing  to  which  we  attain 
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by  ■  conBtructire  proee«8.  We  have  here  a  type  of  logic  which  is 
esEtentially  a  niotaphvKic.  Indeed,  Boftaiiquct  says  in  tlic  course  of  htf; 
first  volume:  "  I  entertain  no  doubl  that  in  content  logic  is  one  with 
metaphysics,  and  differs,  if  at  all,  simply  in  mode  of  treatment  —  in 
tracing  the  evolution  of  knowledge  in  the  light  of  its  value  and  import, 
instead  of  attempting  to  summarize  its  value  and  import  apart  from 
the  details  of  its  evolution  "  (.Logic,  vol.  i,  247). 

Dewey  {Studies  in  Logicnl  Theory,  p.  5)  describes  the  essential 
function  of  logic  as  the  inquiry  into  the  relations  of  thought  as  such 
to  reality  as  such.  Although  such  an  inquiry  may  involve  the  investi- 
gatioD  of  psychological  processes  and  of  tbc  concrete  methods  of 
science  and  verification,  a  description  and  analj-sia  of  the  forms  of 
thought,  conception,  judgment,  and  inference,  yet  its  concern  with 
these  is  subordinate  to  its  main  concern,  namely,  the  relation  of 
"thought  at  large  to  renlily  at  lai^e."  Logic  is  not  reHection  on 
thought,eitheronit4  nature  as  such  or  on  its  forms,  but  on  its  relations 
to  the  real.  In  Dewey's  pliilosophy.  logical  theory  is  a  description  of 
thought  as  a  mode  of  adaptation  to  its  own  conditions,  and  validity 
is  judged  in  terms  of  the  efficiency  of  thought  in  the  solution  of  its 
own  problems  and  difficulties.  The  problem  of  logic  is  more  than 
epistemological.  Wherever  there  is  striving  tliere  are  obstacles;  ami 
wherever  there  is  thinking  there  is  a  "  material-in-question."  Dewey's 
logic  is  a  theory  of  reflective  experience  regarded  functionally,  or 
a  pragmatic  view  of  the  discipline.  This  logic  of  experience  aims  to 
evaluate  the  significance  of  »ocial  research,  psychology,  fine  and  in- 
dustrial art ,  and  religious  aspiration  in  the  form  of  scientific  statement, 
and  to  accomplish  for  social  values  in  general  what  the  physical 
sciences  have  done  for  the  physical  world.  In  Dewey's  teleological 
pragmatic  logic  the  judgment  is  eitfientially  instrumental,  the  whole 
of  thinking  is  functional,  and  the  meaning  of  things  is  identical 
«ith  valid  meaning  (Studitt  in  Logical  Theory,  cf.  pp.  48,  82,  128). 
The  real  world  is  not  a  self-existent  world  outside  of  knowledge,  but 
amply  the  totality  of  experience;  and  experience  w  a  complex  of 
strains,  tensions,  checks,  and  attitudes.  The  function  of  logic  is  the 
redintegration  of  this  experience.  "  Thinking  is  adaptation  to  an  and 
throu^  the  adjustment  of  particular  objective  contents  "  (Aid. 
p.  81).  Logic  here  becomes  a  large  part,  if  not  the  whole,  of  a  meta- 
physics of  experience;  its  nature  and  function  are  entirely  det«rmined 
by  the  theory  of  reality. 

In  this  brief  and  fragmentary  rftumf  arc  exhibited  certain  charae- 
terislic  movements  in  the  development  of  logical  theory,  the  construc- 
tion put  upon  its  subject-matter  and  its  relation  to  other  disciplines. 
The  r/sum^  has  had  in  new  only  the  making  of  the  diversity  of 
opinion  on  these  questions  historically  salient.  Then*  are 
distinct  types  of  logic  noticed  here:   (1)  formal,  whose  concern 
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menly  with,  the  structural  aspect  of  infercotial  thought,  and  its 
validity  in  tenne  of  interool  coogruity,-  (2)  metaph>'eical  logic  whose 
concpm  is  %ith  the  functional  aspect  of  thought,  it«  validity  iji 
terms  of  objective  reference,  and  iU  iGlation  to  reality;  (3)  epi- 
Btemological  and  methodological  logic,  whose  concern  is  with  the 
geneais,  nature,  and  laws  of  logical  thinking  as  forms  of  scieuti&c 
knowledge,  and  with  their  technological  application  to  the  scienoei 
as  methodology.  I  am  not  at  present  concerned  with  a  criticism 
of  these  various  viewpoints,  excepting  in  so  far  as  they  a&ect  the 
problem  of  the  interrelationship  of  logic  and  the  allied  disciptinee. 

For  my  present  purpose  1  reject  the  extreme  metjiphysical  and 
formal  positions,  and  assume  that  logic  is  a  discipline  wliose  busi- 
oesB  is  to  describe  and  systematize  the  formal  processes  of  inferential 
thought  and  to  apply  them  as  practical  principles  (o  the  body  of 
real  knowledge. 

1  wish  now  to  take  up  seriatim  the  several  questions  touching 
the  various  relations  of  logic  enumerated  above,  and  first  of  all  the 
QuoatioD  of  the  relation  of  logic  as  science  to  logic  as  art. 

I.  Logic  a»  science  and  logic  as  orl. 

It  soems  true  that  the  founder  of  lo^c,  Aristotle,  regarded  logic 
not  as  a  science,  but  rather  as  propedeutic  to  science,  and  not  as  an 
end  in  itself,  but  rather  technically  and  heuristically  as  an  iustruiuunt. 
In  other  words,  logio  waa  conceived  by  biiu  rather  in  its  application 
or  as  an  art,  than  as  a  science,  and  so  it  continued  to  be  regarded 
until  the  close  of  the  Middle  Ages,  being  characterized  indeed  as  the 
am  artium;  for  even  the  togica  docms  of  the  Scholastics  waa  merely 
the  formulation  of  tliat  body  of  precepts  which  are  of  practical  serv- 
ice in  the  syllogistic  arrangement  of  premises,  and  the  Port  Royal 
Logic  aims  to  furnish  Vart  de  -penstr.  This  technical  aspect  of  the 
science  has  clung  to  it  down  to  the  present  day,  and  is  no  doubt 
a  legitimate  description  of  a  part  of  its  function.  But  no  one  would 
now  say  that  logio  is  an  art;  rather  it  is  a  body  of  theory  which 
may  be  teehiiicaily  applied.  Mill,  in  his  examination  of  Sir  William 
Hamilton's  Thilosophy  (p.  391),  says  of  logic  that  it  "is  the  art  of 
thinking,  which  means  of  correct  thinking,  and  the  science  of  the 
conditions  of  correct  thinking,"  and  indeed,  he  goes  so  far  as  to  say 
{System  of  Logic,  Introd.  §  7):  "The  extension  of  logic  as  a  science 
is  determined  by  its  neoesaitiGe  as  an  art."  Strictly  speaking,  logic 
as  a  science  is  purely  theoretical,  for  the  function  of  science  as  suc^ 
is  merely  to  know.  It  is  an  organised  system  of  knowledge,  namely, 
an  organized  system  of  the  principles  and  conditions  of  correct 
thinking.  But  because  correct  thinking  is  an  art,  it  does  not  follow 
that  a  knowledge  of  the  methods  and  cunditions  of  correct  thinking 
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is  art,  which  would  be  a  gtaring  case  of  fttrupams  <*<  3aAo  •/^•m.  The 
art-bearings  of  the  science  are  given  in  the  normative  character  of  its 
Dubject-mutter.  As  a  science  logic  is  descriptive  and  exptanator>',  that 
is,  it  describes  and  formulates  the  nornu  of  valid  thought,  although 
OS  science  it  is  not  normative,  save  in  the  sense  that  the  principles 
formulated  in  it  may  be  normatively  or  r^ulfttively  applied,  in 
which  case  they  become  precepts.  What  is  principle  in  science 
becomes  precept  in  application,  and  it  is  only  when  technically 
applied  that  principles  assume  a  mandatory  character.  Validity  is  not 
oreated  by  logic.  Logic  merely  investigates  and  atatee  the  conditions 
and  criteria  of  validity,  being  in  this  reference  a  science  of  evidence. 
In  the  very  fact,  however,  that  logic  is  normative  in  the  sense  of 
describing  and  explaining  the  norms  of  correct  thinking,  its  practical 
or  applied  character  is  given.  Its  principles  as  known  are  science; 
ita  principles  as  appUed  are  art.  There  is,  therefore,  no  reason  to 
sunder  these  two  things  or  to  call  logic  an  art  merely  or  a  science 
merely ;  for  it  is  both  when  regarded  from  different  vien'points, 
although  one  must  insist  on  the  fact  that  the  rules  for  practical 
guidance  are,  so  far  as  the  science  is  concerned,  quite  <A  extra.  Logic, 
ethics,  and  lesthetics  are  all  commonly  (and  rightly)  called  nonn- 
ative  disciplines:  they  are  all  concerned  with  values  and  standards; 
logic  with  validity  and  evidence,  or  values  for  cognition;  ethics 
with  motives  and  moral  quality  in  conduct,  or  values  for  volition; 
U!6thctics  with  the  standards  of  beauty,  or  values  for  appreciation 
and  Feeling.  Yet  none  of  them  is  or  can  be  merely  normative,  or 
indeed  as  science  normative  at  all;  if  that  were  so.  they  would  not 
be  bodies  of  organized  knowledge,  but  bodies  of  rules.  They  might 
be  well-arranged  codes  of  legislation  on  conduct,  fine  ut,  and  evi- 
dence, but  not  sciences.  Strictly  regarded,  it  is  the  descriptive  and 
explanatory  aspect  of  logic  that  constitutes  its  scientiHc  character, 
while  it  is  the  specific  normative  aspect  that  constitutes  its  If^cal 
character  Values,  whether  ethical  or  logical,  without  an  examina- 
tion  and  formulation  of  their  ground,  relations,  origin,  and  intercon- 
nection, would  be  merely  rules  of  thumb,  popular  phrases,  or  pastoral 
prerepta.  The  actual  methodology  of  the  sciences  or  applied  logic 
is  logic  as  art. 


IL  Rdation  of  loffic  to  ptythology. 

Ilie  dilTerenttalion  of  logic  and  psychology  in  such  way  as  to  be 
of  practical  value  in  the  discussion  of  the  disciplines  has  alwnj's  been 
a  ditHcult  matter.  John  Stuart  Mill  was  disposed  to  merge  1(»;ic  in 
psychology,  and  Hobhouse,  his  latest  notable  apologete,  dmws  do 
6xed  dtflUnciion  between  psychology  and  logic,  merely  saying  that 
they  have  diffenmt  centres  of  interest,  and  that  their  provinces 
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overlap.  Lipps,  in  his  Orundzuge  dtr  I^ogik  (p.  2),  rocs  the  length 
of  saying  that  "Lope  U  a  psychological  discipline,  as  certainly  as 
knowledge  ocmrs  only  in  the  Psyche,  and  thoujtht,  which  is  developed 
in  knowledge,  is  a  psychical  event."  Now,  if  we  were  to  take  siich 
extreme  ground  an  this,  then  cthies,  lesthetics,  and  pure  maihe- 
raatics  would  become  at  once  branches  of  psychology  and  not  coor^ 
dinato  disciplines  with  it,  for  volitions,  the  feelings  of  appreciation, 
and  the  reasoning  of  pure  mathematics  are  psychical  events.  Such 
a  theory  plainly  carries  us  too  far  and  would  involve  us  in  confusion. 
That  the  demarcation  between  the  two  disciplines  is  not  a  chnsmic 
cleavage,  but  a  line,  and  that,  too,  an  historically  shifting  line,  is 
apparent  from  the  foregoing  historical  rinumf:. 

The  four  main  phaflea  of  logical  theory  include:  (1)  the  concept 
(although  some  logicians  begin  with  the  judgment  aa  temporally 
prior  in  (heevolulionof  language),  (2)  judgment,  (3)  inference,  (4)  the 
methodology  of  the  sciences.  The  entire  concern  of  logic  is,  indeed, 
with  psychical  processes,  but  with  psychical  processes  regarded  from 
a  specific  standpoint,  a  standpoint  different  from  that  of  psychology. 
In  the  firet  place  psychology  in  a  certain  sense  is  much  wider  than 
logic,  being  concerned  with  the  whole  of  pfiyehosLs  as  such,  including 
the  feelings  and  will  and  the  entire  structure  of  cognition,  whereas 
logic*  18  concerned  with  the  particular  cognitive  proccsaea  enumer- 
ated above  (concept,  judgment,  inference),  and  that,  too,  merely 
from  the  point  of  \iew  of  validity  and  the  grovmds  of  %*alidity.  In 
another  sense  psychology  ia  narrower  than  togic,  being  concerned 
purely  with  the  description  and  explanation  of  a  particular  field  of 
phenomena,  whereas  logic  is  concerned  with  the  procedure  of  all  the 
sciences  and  is  practically  related  to  them  as  their  formulated 
method.  Hie  compass  and  aims  of  the  two  disciplines  are  different; 
for  while  jeychology  is  in  different  references  both  wider  and  nar- 
rower than  logic,  it  is  also  different  in  the  problems  it  sets  itself, 
its  aim  being  to  describe  and  explain  the  phenomena  of  mind  in  the 
spirit  of  empirical  science,  whereas  the  aim  of  logic  is  only  to  explain 
and  establish  the  laws  of  evidence  and  standards  of  validity.  Lof^c 
is,  therefore,  selective  and  particular  in  the  treatment  of  mental 
phenomena,  whereas  psychology  is  universal,  that  is,  it  covers 
the  entire  range  of  mental  processes  as  a  phenomenal b»tic  science; 
logic  dealing  with  definite  elements  as  a  normative  science.  By  this 
it  ia  not  meant  that  the  territory  of  judgment  and  inference  should 
be  deJivered  from  the  psychologist  into  the  care  of  the  lo^cian; 
through  such  a  division  of  labor  both  disciplines  would  suffer.  The 
two  disciplines  handle  to  some  extent  the  same  subjects,  so  far  as 
names  are  concerned;  but  the  essence  of  the  logical  problem  is  not 
touched  by  psychology,  and  should  not  be  mixed  up  with  it,  to  the 
confusion  and  detriment  of  both  disciplines.  The  fidd  of  psychology, 
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as  wc  have  Raul,  ia  the  whole  of  psychical  phenomena;  the  aim  of 
individual  psychology  in  the  Investigntion  of  ita  field  ia:  (1)  to  give 
a  gnnctic  account  of  cognition,  feeling,  and  mill,  or  whatever  be  the 
elcmcnr^  into  which  consciousness  is  analyzed;  (2)  to  explain  their 
interconnections  causally;  (3)  as  a  chemistry  of  mental  life  to 
analyze  its  complexes  into  their  simplest  elements;  (4)  to  explain  the 
totality  structurally  (or  functionally)  out  of  the  elementa;  {5)  to 
carry  on  its  investigation  and  set  forth  its  results  as  a  purely  empir- 
ical seienee;  (6)  psychology  makes  no  attempt  to  evaluate  the 
processes  of  mind  either  in  terms  of  false  and  true,  or  good  and  bad. 
From  this  description  of  the  field  and  function  of  psychology,  based 
on  the  expressionsof  its  modem  exponents,  it  will  be  found  impossible 
to  shelter  logic  under  it  as  a  subordinate  discipline.  ]f  one  were  to 
enlaiige  the  scope  of  psychology  to  mean  rational  psychology,  in  the 
aense  which  Profesaor  Howlson  advocates  (Psychalogical  Review, 
vol.  in,  p.  652) ,  such  a  subordination  might  be  possible,  but  it  would 
entail  the  Iu8s  of  all  that  the  new  psychology  has  gained  by  the 
sharper  delimitation  of  its  sphere  and  problems,  and  would  carry  us 
bark  to  the  [xisilion  of  Mill,  who  appears  to  identify  |»ycbology 
with  p))ilo.snphy  at  large  and  with  metaphysicH. 

In  cuntradiHtinctioii  to  the  aims  of  psychology  as  dettcribod  In 
the  foregoing,  the  sphere  and  problems  of  logic  may  be  summarily 
characterized  OS  follows:  (1)  All  concept*)  and  judgments  are  peycho- 
lopcal  complexes  and  processes  and  may  be  genetically  and  strue- 
turalty  de»cril)cd ;  that  is  the  business  of  psychology.  They  also  have 
a  meaning  value,  or  objective  reference,  that  is,  they  may  bo  correct 
or  incorrect,  congruouK  or  incongnmus  with  reality.  The  meaning, 
aspect  of  thought,  or  its  content  as  truth  is  the  businet»  of  logte. 
This  subject-matter  is  got  by  regarding  a  single  aspect  in  the 
Iota]  psychological  complex.  (2)  Ita  aim  is  not  to  descrit>e  factual 
thought  or  the  whole  of  thought,  or  the  natural  proccHses  of  thought, 
but  only  certain  ideals  of  thinking,  namely,  the  norma  of  correct 
thinking.  Its  object  is  not  a  datum,  but  an  ideal.  (3)  While  psycho- 
logy is  concerned  with  the  natural  history  of  reasoning,  logic  is 
concerned  with  the  waminte  of  inferential  reaaoning.  In  the  term- 
inology of  Hamilton  it  is  the  nomology  of  discursive  thoucht.  To 
use  an  often  employp'l  analogy*,  psychology  is  the  physics  of  thought , 
logic  an  ethics  of  thought.  (4)  Logic  implies  an  epistemology  or 
thcor>'  of  cognition  in  bo  far  as  epistemology  diseussi's  the  concept 
and  judgment  and  their  relations  to  the  real  world,  and  here  is  to  be 
found  its  closest  connection  with  psychology'.  A  purdy  famiol  logic, 
which  is  concerned  merely  with  the  internal  order  of  knowledge  and 
does  not  umlertake  to  show  how  the  lawn  of  thought  ciriginalc,  why 
they  hold  good  as  the  meosurea  of  evidence,  or  in  what  way  they  are 
applicable  to  concrete  reality,  would  be  aa  batxen  aa  iKhulasticism. 
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(S)  While  logic  thus  goes  back  to  epist^moiogy  for  its  baaee  and  for 
the  theoretical  dctcrmiDation  of  the  iutfrrelation  of  knowledge  and 
truth,  it  goes  forward  in  its  application  to  the  practical  service  of  the 
sciencesas  their  methodology-.  A  partof  its  subject-matter  is  therefore 
the  actual  procedure  of  the  scieoces,  which  it  attempts  to  organise 
into  systematic  statements  as  principles  and  formuls.  This  body  of 
rules  piveo  implicitly  or  expliciily  in  the  workings  and  structure  of 
lh«  special  sciences,  oonsistiog  in  claissitieation,  analysis,  experiment. 
induction,  deduction,  nomenclature,  etc.,  logic  regards  as  a  concrete 
deposit  of  inferential  experience.  It  abstracts  these  principles  from 
the  content  and  method  of  the  sciences,  describes  and  explains  them, 
erects  them  into  a  systematic  methodology,  and  so  creates  the 
practical  branch  of  real  logic.  Formal  logic,  therefore,  according  to 
the  foregoing  account,  would  embrace  the  tjuestions  of  the  internal 
coDgruity  and  self-consiatency  of  thought  and  the  schematic  arrange- 
ment of  judgments  to  insure  formally  valid  conclusions;  real  logio 
would  embrace  the  epietemulugical  questions  of  how  knowledge  is 
related  to  reality,  and  how  it  is  built  up  out  of  experience,  on  the 
one  band,  and  the  methodological  procedure  of  science,  on  the  other. 
The  importHnce  of  malhematicaJ  logic  seems  to  be  mainly  in  the 
facilitation  of  logical  expression  through  symbols.  It  Is  rather  with 
the  machinery  of  the  science  than  with  its  content  and  real  [>roblem 
that  the  logical  algorithm  or  calculus  is  concerned.  In  these  con- 
densed paragraphs  suSicicnt  has  been  said,  I  think,  to  show  that  logic 
and  psychology  should  be  regarded  as  coordinate  disciplinee;  for  their 
aims  and  subject-matter  diflfcr  too  widely  lo  subordinate  the  former 
under  the  latter  without  confusion  to  both. 

I  wish  now  to  add  a  brief  note  on  the  relation  of  logic  lo  another 
discipline. 

HI.  Rehtion  of  loijic  to  mttaj^ynics. 

As  currently  expounded,  logic  either  abuts  immediately  on  the 
tenilory  of  metaphysics  at  certain  points  or  is  entirely  absorbed  in  it 
aa  an  integral  part  of  the  metaphyeical  subject-matter.  I  regard  the 
former  view  as  not  only  the  more  tenable  theoretically,  but  as 
practically  advantageous  for  working  purposes,  and  necessary  for 
an  intelligible  classification  of  the  philosophical  disciplines.  The 
business  of  metaphyaics,  as  I  understand  it,  is  with  the  nature  of 
reality;  logic  is  concerned  with  the  nature  of  validity,  or  with  the 
relations  of  the  elements  of  thought  within  themselves  (self-consist- 
ency) and  with  the  relations  of  thought  to  its  object  (real  truth) ,  but 
not  with  the  nature  of  the  objective  world  or  reality  as  such.  Further, 
mctaphystct  is  concerned  with  the  unification  of  the  totality  of 
knowledge  In  the  form  of  a  scientific  cosmology;  logic  is  concerned 
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merely  with  the  inferential  and  methodological  procoesos  whereby 
this  result  is  reached.  The  former  is  a  aciejice  of  content;  the  latter  is 
a  Bcience  of  procedure  and  relations.  Now,  inasmuch  as  procedure 
and  relations  apply  to  some  reality  and  differ  with  different  forms  of 
reahty,  logic  necessitates  in  its  implications  a  theory  of  being,  but 
such  implications  are  in  no  wise  to  b«  identiBed  n-ilb  its  subject- 
matter  or  with  it«  own  proper  problems.  Their  considoration  falls 
within  the  sphere  of  metaphysics  or  a  broadly  conceived  epistemo- 
logy,  whose  business  it  is  to  solve  the  ultimate  questions  of  subject 
and  object,  thought  and  thin;;,  mind  and  matter,  that  are  implied 
and  pointed  to  rather  than  formulatcid  by  logic.  Inasmuch  as  the 
logical  judgment  says  something  about  something,  the  scientific 
impulse  drives  va  to  investigate  what  the  latter  someihing  ultimately 
is;  but  this  is  not  necessary  for  logic,  nor  is  it  one  of  logic's  legitimate 
problems,  any  more  than  it  is  the  proper  business  of  the  phyMcist  to 
investigate  the  mental  implications  of  his  scientific  judjy;ments  and 
hypotheses  or  the  ultimate  nature  of  the  theorizing  and  perceinng 
mind,  or  of  causality  to  his  world  of  matter  and  motion,  although  a 
general  scientific  interest  may  drive  him  to  seek  a  solution  of  these 
ultimate  metaphy.iical  problems.  Scientifically  the  end  of  logic  and 
of  every  discipline  is  in  itself;  it  is  a  territorial  unity,  and  its  govern- 
ment is  admini.itered  with  a  unitary  aim.  l,ogic  is  purely  a  science 
of  e\*idential  values,  not  a  S4*ience  of  content  (in  the  meaning  of 
particular  reality,  as  in  the  special  sciences,  or  of  ultimate  reality, 
aa  in  metaphysics);  its  sole  aim  and  purpose,  as  I  conceive  it,  is  to 
formulate  the  law.«  and  groimds  of  evidence,  the  principles  of  method, 
and  the  conditions  and  forms  of  inferential  thinking.  When  it  has 
done  thw,  It  has,  as  a  single  science,  done  its  whole  work.  Wlien  one 
looks  at  the  present  tendencies  of  logical  theory,  one  is  inclined  to 
believe  that  the  discipline  is  in  danger  of  becoming  an  "  Allerleiwin- 
semchaft,"  whose  vast  undefined  territory  is  the  land  of  "  WeUii- 
niehtwo."  The  strict  delimitation  of  the  field  and  problems  of  science 
is  demanded  In  the  interest  of  a  ser^nceftble  division  of  scientific  labor 
and  in  the  int/>rest  of  an  intelligible  classification  of  the  ac«umulated 
products  of  rciscnrch. 
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CuRKKNT  tendencies  in  logical  theory  make  a  deU*rminalion  of  the 
field  ol  logic  fundamental  to  uny  alateuicnt  of  tlie  general  problenia 
o£  the  science.  In  view  of  this  fact,  I  propose  in  this  paper  to  att«mpl 
such  a  determi nation  by  a  general  di.<)cut»8ion  of  the  relation  of  logic 
to  mathematics,  psychology,  and  biolog>',  especially  noting  in  con- 
uection  with  biology  the  tendency  known  as  pragmatism.  In  con- 
clusion, 1  shall  indicate  what  the  resulting  general  problems  appear 
to  be. 


There  may  appear,  at  HrBt,  little  to  distinguish  mathematics  In  its 
most  abstract,  formal,  and  symbolic  type  from  logic.  Indeed,  math- 
ematics &s  the  universal  method  of  all  knowledge  has  been  the  ideal 
nl  many  philosophers,  and  its  right  to  be  such  has  been  claimed  of 
late  with  renewed  force.  Tlio  recent  notable  advances  in  the  science 
have  done  much  to  make  this  claim  plausible.  A  logician,  a  non- 
mathematical  one,  might  be  tempted  to  say  that,  in  so  far  as  mathe- 
matics is  the  method  of  thought  in  general,  it  has  ceased  to  be 
mathejnatics;  but,  I  suppose,  one  ought  not  to  quarrel  too  much 
with  a  definition,  but  should  let  mathematics  mean  knowledge 
Eimply,  if  the  mathematicians  wifih  it,  I  shall  not.  therefore,  enter 
the  controversy  regarding  the  proper  limits  of  mathematical  inquiry. 
1  wish  to  note,  however,  a  tendency  in  the  identification  of  logic  and 
mathematics  whieh  seems  to  me  to  be  inconsistent  with  the  real 
significance  of  knowledge.  I  refer  to  the  exaltation  of  the  freedom 
of  thought  in  the  construction  of  conceptions,  definitions,  and  hypo- 
theses. 

The  assertion  that  mathematics  is  a  "  pure  "  science  is  often  taken 
to  mean  that  it  is  in  no  way  dependent  on  experience  in  the  construc- 
tion of  its  basal  concepts.  The  space  with  which  geometry  deals 
may  be  Euclidean  or  not,  as  we  please;  it  may  be  the  real  space  of 


experience  or  not;  the  properties  of  it  and  Ihe  conclusions  reached 
about  it  may  hold  ia  the  real  worid  or  they  may  nol ;  fur  the  mind  is 
free  to  construct  iU  conception  and  definition  of  space  in  accordance 
with  it«  own  aims.  Whether  geometry  is  to  be  ultimately  a  science 
of  this  type  must  be  left,  1  suppose,  for  the  mathematicians  to  decide. 
A  logician  may  suggest,  however,  that  the  propriety  of  calling  all 
these  conceptions  "space"  is  not  as  clear  as  it  ought  to  l>e.  Still 
further,  there  seems  to  underlie  all  arbitrary  spaces,  as  their  founda- 
tion, a  good  deal  of  the  solid  material  of  empirical  knowledge,  gained 
by  human  beings  through  contact  M-ith  an  environing  world,  the 
environing  character  of  which  seems  to  be  quite  independent  of 
the  freedom  of  their  thought.  However  that  may  be,  it  is  evident, 
I  think,  that  the  generalization  of  the  principle  involved  in  this  idea 
of  the  freedom  of  thought  in  framing  its  conception  of  space,  would. 
if  extended  to  logic,  give  us  a  science  of  knowledge  which  would 
have  no  necessary  relation  to  the  re^I  things  of  experience,  although 
these  are  the  things  with  which  all  concrete  knowledge  is  most 
evidently  concerned.  It  would  inform  us  about  the  conclusions 
which  necessarily  follow  from  accepted  conceptions,  but  it  could 
not  inform  us  in  any  way  about  the  real  truth  of  these  conclusions. 
It  would,  thus,  always  leave  a  gap  between  our  knowledge  and  its 
objects  which  logic  itself  would  bo  quite  impotent  to  close.  Tnith 
would  thus  become  an  entirely  extra-logical  matter.  So  far  as  the 
science  of  knowledge  is  concerned,  it  would  be  an  accident  if  knowledge 
fitted  the  world  to  which  it  refers.  Such  a  conception  of  the  science 
of  knowledge  is  not  the  property  of  a  few  mathematicians  exclusively, 
although  they  have,  [tcrhaps,  done  more  than  others  to  give  it  its 
present  revived  vitality-  It  is  the  classic  doctrine  that  logic  is  the 
science  of  thought  as  thought,  meaning  thereby  thought  in  inde- 
pendence of  any  specific  object  whatever. 

In  regard  to  this  doctrine.  I  would  not  oven  admit  that  stich  a 
Eicience  of  knowledge  is  possible.  You  cannot,  by  a  process  of  general- 
ization or  free  construction,  rid  thought  of  connection  with  objects; 
and  there  is  no  such  thing  as  a  general  content  or  as  content-in- 
gencral.  Gencralixation  simply  reduces  the  richness  of  content  and, 
oansequently,  of  implication.  It  deals  with  concrete  subject-matter 
aa  much  and  as  directly  as  if  the  content  were  individual  and  spTial- 
iMd.  "  Things  equal  to  the  same  thing  are  equal  to  each  other,"  is  a 
truth,  not  about  thought,  but  about  things.  The  conclusions  about 
a  fourth  dimension  follow,  not  from  the  fact  that  we  have  thnught 
of  one,  but  from  the  conception  about  it  which  we  have  framed^ 
Nnther  generalization  nor  free  construction  can  reveal  the  operations 
of  thought  In  transcendental  independence. 

It  may  be  urged,  however,  that  nothing  of  this  sort  was  ever 
claimed.  The  bondage  of  thought  to  content  must  be  admitted,  but 
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geoenluAtioD  and  fm  constntctjon,  ji»t  bec«uM  tbey  ^tc  us  th* 
power  to  wy  coDdiUona  as  w«  pleaw,  pve  as  thinking  in  a  relative 
iwfaptpdeoce  of  content,  and  tiuis  dtow  tn  bow  thought  operates 
imspective  of,  although  not  iodepeDdenV  of,  its  content.  The  hino- 
l^al  thcoFem  operates  imspective  of  the  valuee  sabelituted  for  its 
symbols.  But  I  ean  find  no  gain  in  this  itslaMinect  of  the  position. 
It  is  true,  in  a  sense,  that  «-e  may  detennine  the  way  thought  operalcs 
imspective  of  any  specific  content  by  the  processes  of  generaliiatMn 
aod  free  construction;  but  tt  is  important  to  knov  in  what  wfkse. 
Oao  we  claim  that  such  irrespective  operation  means  that  «-c  have 
discovered  certain  lo^cal  coustants,  which  now  slaml  out  as  the 
dbtinctive  toots  of  thought?  Or  does  it  rather  moan  that  this  pmeess 
of  varying  the  content  of  thought  as  we  please  reveftls  certain  real 
constants,  certain  ultimate  characters  of  reality,  which  no  amount  of 
generalixfltjon  or  free  construction  can  possibly  allerT  The  second 
alternative  aeems  to  me  to  be  the  correct  one.  Wliether  It  is  or  not 
may  be  left  here  undecided.  What  I  wish  to  emphasize  is  the  fact 
that  the  decision  is  one  of  the  things  of  vital  interest  for  logic,  and 
properly  belongs  in  that  science.  Clearly,  we  can  never  know  the 
rignifieance  of  ultimate  constants  for  our  thinking  until  we  know 
what  their  real  character  is.  To  determine  that  charneter  wc  mu.<t 
most  certainly  pnss  out  of  the  realm  of  genoraliMtion  and  free  eon- 
atruction;  logic  must  become  other  than  simply  mathematical  or 
symbolic. 

Ther(-  is  another  sense  in  which  the  determination  of  the  opera!  ions 
of  thought  irrespective  of  its  specific  content  is  interpreted  in  con- 
nection with  the  exaltation  of  generalization  and  free  constraclion. 
Knowledge,  it  is  said,  is  solely  a  matter  of  implication,  and  logic, 
therefore,  is  the  science  of  implication  simply.  If  this  la  so,  it  would 
appear  possible  to  develop  the  whole  doctrine  of  implication  by  the 
use  of  syml>oIs,  and  thus  free  the  doctrine  from  dependence  on  the 
question  as  to  how  far  these  symbols  are  themaetvca  related  to  the 
real  things  of  the  world.  If,  for  instance,  a  implies  h,  then,  if  a  la 
true,  b  is  true,  and  this  quite  irrespective  of  the  real  truth  of  a  or  h. 
It  is  to  be  urged,  however,  in  opposition  to  this  view,  that  knowledge 
is  concerned  ultimately  only  with  tho  real  truth  of  a  and  h,  and 
that  the  implication  is  of  no  significance  whatever  apart  from  this 
truth.  There  is  no  virtue  in  the  mere  implication.  Still  further,  the 
supposition  that  there  can  be  a  doctrine  of  implication,  simply, 
seems  to  be  based  on  a  misconception.  For  even  so-called  formal 
implication  gets  its  significance  only  on  the  supposed  truth  of  tho 
lema  with  which  it  deals.  We  suppose  that  a  dam  imply  h,  and  that 
a  M  tnie.  In  other  words,  we  can  state  this  law  of  implication  only 
as  we  firet  have  valid  instances  of  it  given  in  specific,  concrete  eases. 
Tlie  law  is  a  generalization  and  nothing  more.  The  formal  statement 
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gives  only  an  apparent  freedom  from  experience.  Moreover,  there  is 
no  reason  for  saying  that  a  implies  b  unless  it  docs  so  cither  really  or 
by  supposition.  If  a  really  implies  b,  then  the  implication  is  cleaHy 
not  a  matter  of  thinking  it ;  and  to  suppose  the  iraplieation  is  to  feigo 
A  reality,  the  implications  of  which  arc  equally  free  from  the  processes 
by  which  they  arc  thought.  Ultimately,  therefore,  logic  must  take 
account  of  real  implications.  We  cannot  avoid  this  tlirough  the  use 
of  a  symbolism  which  virtually  implies  them.  Implication  can  have 
a  logical  character  only  becatiso  it  has  first  a  metaphysical  one. 

The  supposition  imderlying  the  conception  of  logic  I  have  been 
examining  is,  itself,  open  to  doubt  ond  seriously  questioned.  That 
Buppoaition  was  the  so-called  freedom  of  thought.  The  argument 
has  already  shown  that  there  is  certainly  a  very  definite  limit  to  this 
freedom,  even  when  logic  is  conceived  in  a  very  abstract  and  formal 
way.  The  processes  of  knowledge  are  bound  up  with  their  contents, 
and  have  their  character  largely  determined  thereby.  When,  more- 
over, wc  view  knowledge  in  ite  geneaja,  when  we  take  into  eonaidera- 
tion  the  contributioDS  which  peychoiogj-  and  biology  have  made  to 
our  general  view  of  what  knowledge  is,  we  seem  forced  to  conclude 
that  the  conceptions  which  we  frame  are  verj'  far  from  being  our  own 
free  creations.  They  have,  on  the  contrary,  been  laboriously  worked 
out  through  the  same  processes  uf  successful  adaptation  which  have 
resulted  in  other  products.  Knowledge  has  grown  up  in  cunueclion 
with  the  unfolding  processes  of  reality,  and  has,  by  no  means,  freely 
played  over  ite  surface.  That  is  why  even  the  most  abstract  of  all 
mathematics  is  yet  grounded  in  the  evolution  of  human  experience. 

In  the  remaining  parts  of  this  paper,  I  shall  discuss  further  the 
claims  of  psychology  and  biology.  The  conclusion  I  would  draw 
here  is  that  the  field  of  logic  cannot  be  restricted  to  a  realm  where 
the  operations  of  thought  are  supposed  to  move  freely,  Independent 
or  irrespective  of  their  contents  and  the  objects  of  a  real  world; 
and  that  mathematics,  instead  of  giving  us  any  support  for  the 
suppoaition  that  it  can,  carries  us,  by  the  proeosBea  of  symbolitation 
and  forma]  implication,  to  recognise  that  logic  must  ultimately  find 
its  field  where  implications  are  real,  independent  of  the  processes 
by  which  they  are  thought,  and  irrespective  of  the  conceptions  we 
choose  to  frame. 

n 

Tbe  prooMBce  involved  in  the  acquisition  and  eyBtgmatiialJMB 
knowledge  may,  undoubtedly,  be  regarded  as  mental  prooMseB  and 
tall  thus  within  the  province  of  psychology.  It  may  be  claimed, 
therefore,  that  every  logical  prooeee  is  also  a  p8ychol')RicftI  one.  The 
important  quesUon  is,  however,  is  it  nothing  more?  Do  it^  logi'-fll 
aod  peycbological  characters  simply  coincide?  Or,  to  put  the  que*- 
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t)oD  in  BtUI  another  form,  as  a  psychological  process  simply,  does 
it  also  sen'e  as  a  logical  one?  The  answers  to  these  questions  can  be 
determined  only  by  first  noting  what  psycholog)'  can  aay  about  it 
as  a  mental  process. 

In  the  first  place,  psychology  can  analyze  it,  and  so  determine 
its  elements  and  their  connections.  It  can  thus  distinguish  it  from  all 
other  mental  processes  by  pointing  out  its  unique  elements  or  their 
unique  and  characteristic  connection.  No  one  will  deny  that  a 
judgment  is  different  from  an  emotion,  or  that  an  act  of  reasoning  b 
different  from  a  volition;  and  no  one  will  claim  that  these  differences 
are  entirely  beyond  the  psychologist's  power  to  ascertain  accurately 
and  prccisf*ly.  Still  further,  it  appears  possible  for  him  to  determine 
with  the  same  accuracy  and  precision  the  distinction  in  content  and 
connection  between  processes  which  are  true  and  those  which  are 
false.  For.  as  mental  processes,  it  is  natural  to  suppose  that  they 
contain  distinct  differpnces  of  character  which  are  ascertainable. 
The  states  of  mind  called  belief,  certainty,  conviction,  correetneBS, 
truth,  are  thus,  doubtle.-w,  all  dist.inginshable  as  mental  states.  It 
may  be  admitted,  therefore,  that  there  can  be  a  thoroughgoing 
psyrholopy  of  logicnl  proccfl.«es. 

Yet  it  is  quite  evident  to  me  that  the  characterization  of  a  mental 
process  as  logical  is  not  a  psj-chological  characterization.  In  faet, 
I  think  it  may  be  claimed  that  the  characterization  of  any  mental 
process  in  a  specific  way,  say  as  an  emotion,  is  extra- psychological. 
Jtidgments  and  inferences  are,  in  short,  not  judgments  and  inferences 
because  they  admit  of  psychological  analysis  and  explanation,  any 
more  than  space  ia  space  because  the  perception  of  it  can  be  worked 
out  by  genetic  psychology.  In  other  words,  knowledge  is  first  Jtnaw- 
Mge,  and  only  later  a  set  of  processes  for  psychological  analysis. 
That  is  why,  as  it  seems  to  me,  all  psychological  logicians,  from  I^cke 
to  our  own  day,  have  signally  failed  in  dealing  with  the  problem  of 
knowledge.  The  attempt  to  construct  knowledge  out  of  mental 
states,  the  relations  between  ideas,  and  the  relation  of  ideas  to 
things,  has  been,  as  I  read  the  hwtorj',  decidedly  without  profit. 
Confusion  and  divergent  opinion  have  resulted  inste-ad  of  agreement 
and  confidence.  On  preeigoly  the  same  psychological  foundation, 
we  have  such  divergent  views  of  knowledge  as  idealism,  phenomenal- 
ism, and  agnosticism,  w'th  many  other  strange  mixtures  of  logic, 
psychology,  and  metaphyaies.  The  lesson  of  these  perplexing  theories 
seems  to  be  that  logic,  as  logic,  must  be  divorced  from  psychology. 

It  is  also  of  importance  to  note,  in  this  connection,  that  the  deter- 
mination of  a  process  as  mental  and  as  thus  falling  within  the  domain 
of  psychology  strictly,  has  by  no  mcatis  been  worked  out  to  the 
general  satisfaction  of  psj'chologiats  themwlvea.  Recent  literature 
abounds  in  elaborate  diseusaioD  of  the  distinction  between  what  is 
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ft  mental  fact  and  what  not,  with  a  prevailing  tpndency  to  draw  tlic 
remarkable  conclusion  that  all  facta  ero  gomnhow  mental  or  cxperi- 
enctvj  facts.  The  situation  would  be  worsr:  for  psychology  than  it  is, 
if  that  vigorons  science  had  not  learned  from  other  sciences  the  valu- 
able knack  of  isolating  concrete  problems  and  attacking  them 
directly,  n-ithout  the  bunlen  of  previous  logical  or  metaphysieal 
speculation.  Thus  knowledge,  which  is  the  peculiar  province  of  logic, 
is  increased,  while  we  wait  for  the  acceptable  deiinitioa  of  a  mental 
(act.  But  definitions,  be  it  rcmcmhejed,  aro  themselves  logical 
matters.  Indeed,  some  psycholo^ts  have  gone  so  far  as  to  claim 
that  the  distinction  of  a  fact  as  mental  is  a  purely  logical  distinc- 
tion. This  is  significant  as  indicating  that  the  time  has  not  yet  come 
for  the  identification  of  logic  and  p.<<ycholog_v. 

In  refreshingly  sharp  contrast  to  the  \'aguencss  and  uncertainty 
which  beset  the  defimtion  of  a  mental  fact  are  the  palpable  concrrte- 
ness  and  definitcneas  of  knowledge  itself.  Every  science,  even  history 
and  philosophy,  arc  instances  of  it.  What  constitutes  a  knowledge 
ought  to  be  as  definite  and  precise  a  question  bs  could  be  asked. 
That  logic  has  made  no  more  progress  than  it  has  in  the  answer  to  it 
appears  to  be  due  to  the  fact  that  it  has  not  sufficiently  grasped  the 
ngnificance  of  Its  own  simplicity.  Knowledge  has  been  the  important 
business  of  thinking  man,  and  he  ought  to  be  able  to  tell  what  he  does 
in  order  to  know,  as  readily  as  he  tells  what  he  docs  in  order  to  build 
a  house.  And  that  is  why  the  Aristotelian  logic  has  hold  its  own  so 
long.  In  that  logic,  •'  the  master  of  them  that  know  "  ^mply  rehearsed 
the  way  he  had  ayatematised  his  own  stores  of  knowledge.  Naturally 
we,  so  far  as  we  have  followed  his  methods,  have  had  practically 
nothing  to  odd.  In  our  efforts  to  improve  on  him,  we  have  too  oft«n 
left  the  right  way  and  followed  the  impossible  method  inaugurated 
by  Locke.  Had  we  examined  with  greater  persistence  our  own 
methods  of  making  science,  wc  should  have  profited  more.  The 
intjoduction  of  psychology,  instead  of  helping  the  situation,  only 
oonfuses  it. 

Let  it  be  granted,  however,  in  spite  of  the  vagoenem  of  what  Is 
meant  by  a  mental  fact,  that  logical  processes  are  also  mental  pnv 
oesHS.  This  (act  has,  as  I  have  already  suggested,  an  important 
bearing  on  their  genesis,  and  sets  very  definite  limits  to  the  freedom 
of  thought  in  creating.  It  is  not,  however,  as  mental  processes  that 
they  have  the  value  nf  knowledge.  A  mental  process  which  is  know- 
ledge purports  to  be  connected  with  something  other  than  itself, 
something  which  may  not  be  a  mental  prof»ese  at  all.  This  connection 
should  be  investigated,  but  the  investigation  of  it  belongs,  not  to 
psychology,  but  to  lof^c. 

I  am  weJl  aware  that  this  eondnsion  runs  counter  to  some  metft> 
physical  doctrioes,  and  especially  to  idealism  in  all  its  forma,  with  the 
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epistemologies  based  thereon.  It  is,  of  coiuve,  impossible  hera  to 
defend  my  po^Uun  by  an  eiabor&te  analyaiB  of  these  metaphysical 
systems.  But  1  will  say  this.  1  am  in  entire  agreement  wiih  ideoliam 
in  its  claim  that  questions  of  knowledge  and  of  the  nature  of  reality 
cannot  ultiniatety  be  separated,  because  we  can  know  reality  only 
a$  we  know  it.  But  the  general  question  aa  to  how  we  know  reality 
can  atill  be  nueed.  By  Ihis  I  do  not  mean  the  question.,  how  is  it 
possible  for  us  to  have  knowledge  at  all.  or  how  it  is  possible  for  reality 
to  be  known  at  all,  but  how,  as  a  matter  of  fact,  we  actually  do  know 
,it?  That  we  really  do  know  it,  I  would  most  emphatically  claim. 
Still  further,]  would  claim  thai  what  we  know  about  it  is  determined, 
not  by  the  fact  that  we  can  know  in  general,  but  by  the  way  reality, 
as  distinct  from  our  knowledge,  has  determined.  These  ways  appear 
to  me  to  be  ascertainable,  and  form,  thus,  undoubtedly,  a  section 
of  metaphysics.  But  the  metaphysics  wilt  naturally  be  realistic  rather 
than  idealistic. 


m 

Just  as  loi^ottl  processes  may  be  regarded  «s,  at  (he  same  time, 
psychological  processes,  so  they  may  be  regarded,  with  equal  right, 
as  vital  processes,  coming  thus  under  the  categories  of  evolution. 
The  tendency  so  to  regard  thf^m  is  very  marked  at  the  present  day, 
especially  in  France  and  in  this  country.  In  France,  the  movement 
has  perhaps  received  the  clearer  dehnition.  In  America  the  wilou  uf 
logic  and  biology  is  complicated  —  and  at  times  even  lost  sight  of  — 
t^  emphasis  on  the  idea  of  evolution  generally.  It  is  not  my  intention 
to  trace  the  history  of  this  movement,  but  1  should  like  to  call  atten- 
tion to  its  historic  motive  in  order  to  get  it  in  a  clear  light. 

That  the  theory  of  evolution,  even  Darwinism  itwlf,  has  radically 
transformed  our  historical,  scientific,  and  philosophical  methods,  is 
quite  evident.  Athl  to  this  the  influence  of  the  Hegelian  philosophy, 
with  its  own  doctrine  of  development,  and  one  finds  the  causes  of 
the  rather  striking  unanimity  which  is  discoverable  in  many  ways 
veen  Hegelian  idealuiis,  on  the  one  hand,  and  philosophers  of 
evolution  of  Spencer's  type,  on  the  other.  Although  two  men  would. 
perhaps,  not  appear  more  radically  different  at  first  sight  than  Hegel 
and  Spencer,  I  am  inclined  to  believe  that  wc  shall  come  to  recosnizt' 
more  and  more  in  them  an  identity  of  philosophical  conception.  The 
pragmaliam  of  the  day  is  a  striking  confirmation  of  this  opinion,  for 
it  ia  often  the  expression  of  Hegelian  ideas  in  Darwinian  and  Spencer- 
tan  terminolnjEy.  The  claims  of  idealism  and  of  evolutionary  science 
and  philosophy  have  thus  sought  reconciliation.  Logic  has  been, 
naturally,  the  last  of  the  sciences  to  yield  to  evolutionary  and  gciketic 
treatment.  It  could  not  escape  long,  especially  when  the  idea  of 
evolution  had  been  so  aucccasful  in  its  handling  of  ethics.  If  morality 
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can  be  brought  under  the  categories  of  evolution,  why  not  thinking 
also?  In  answer  to  that  question  wc  have  the  theory  that  thinking 
is  an  adaptation,  judgment  is  Inatrumental.  But  I  would  not  leave 
the  impression  that  this  is  true  of  pragmatism  aione,  or  that  it  has 
been  developed  only  through  prugtiiatic  t-endenciea.  It  is  naturally 
the  result  also  of  the  exten^on  of  biological  philosophy.  In  the 
biological  conception  of  logic,  we  have,  then,  an  interesting  coinci- 
dence in  the  results  of  tendencies  dilTering  widely  in  their  genesis. 

It  would  be  hazardous  to  deny,  without  any  qualitications,  the 
importance  of  genetic  consideraiiuns.  Indeed,  iho  fact  that  evolution 
in  the  hands  of  a  thinker  like  Huxley,  for  instance,  should  make  con- 
sciousness and  thinking  apparently  useless  epiphenomena  in  a  devel- 
oping world,  has  seemed  like  a  most  contradictory  evolutionary 
philosophy.  It  was  dilllcult  to  make  consciousaees  a  real  function  in 
development  so  long  as  it  was  regarded  as  only  cognitive  in  character. 
Kvolutionary  philosophy,  coupled  with  physios,  had  built  up  a  »urt  of 
closed  system  wit  h  which  consciousnces  could  not  interfere,  but  which 
it  ctiuld  know,  and  know  with  all  the  assurance  of  a  traditional  logic. 
If,  however,  we  were  to  be  con»iRtent  evolutionists,  we  could  not  abide 
by  Riich  a  remarkable  result.  The  whole  process  of  thinking  must  l>c 
brought  within  evolution,  so  that  knowledge,  even  the  knowledge  of 
the  evo!utionar>'  h^'pothesis  itself,  must  appear  as  an  instance  of 
adaptation.  In  order  to  do  this,  however,  consciousness  must  not  bo 
conceived  as  only  cognitive.  Judgment,  the  core  of  logical  prcwteases, 
must  be  regarded  as  an  instniment  and  as  a  mode  of  adaptation. 

The  desire  for  compIetencsB  and  coneiatency  in  an  evolutionary 
philosophy  is  not  the  only  thing  which  makes  the  denial  of  genetic 
Donsiderations  hazardous.  Strictly  biological  consideralions  furnish 
reasons  of  equal  weight  for  caution.  For  instance,  one  «-ill  hardly 
deny  that  the  whole  sensory  apparatus  is  a  striking  instance  of 
adaptation.  Our  perceptions  of  the  world  would  thus  appear  to  be 
determined  by  this  adaptation,  to  be  instances  of  adjustment.  They 
might  conceivably  have  been  different,  and  in  the  cose  of  nmny  other 
creatures,  the  perceptions  of  the  world  are  undoubtedly  different. 
All  our  logical  proccases,  referring  ultimately  as  tliey  do  to  our  per- 
ceptions, would  thus  appear  finally  to  depend  on  the  adaptation 
exhibited  in  the  development  of  our  senscrry  apparatus.  So-called 
lan-s  of  thought  would  seem  to  be  but  abstract  statements  or  foraiu- 
latiuna  of  the  results  of  this  adjustment.  It  would  be  absurd  to  sup- 
poee  thai  a  man  thinks  In  a  seiiM  radically  different  from  thai  in 
which  be  digMta,  or  a  flower  bloasoma,  ui  that  two  and  two  are  four 
in  a  aeoie  radically  different  from  that  in  which  a  Qowcr  has  a  given 
number  of  petals.  Thinking,  like  digeatiog  and  bloesoming,  is  an 
eHeot,  a  product,  imssibly  a  structure. 

I  am  Dol  at  all  intcnated  ia  denying  the  force  of  these  oonstdei 
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lions.  They  have,  to  my  mind,  the  greatest  importance,  ami  due 
weight  has,  as  yet,  not  been  given  to  them.  To  one  at  all  cooimitted 
lo  a  unitary  and  evoUitionao'  view  of  the  world,  it  mugt  indeed  seem 
strange  if  thinkinft  itself  .should  not  be  the  result  of  evolution,  or  that, 
in  thinking,  parts  of  the  world  had  not  become  adjusted  in  a  new 
way.  But  while  I  am  ready  to  admit  this,  I  am  by  no  means  ready  to 
admit  «ome  of  the  conclu-sions  for  logic  and  metaphysics  which  are 
often  dmwn  from  the  admission.  Just  because  thought,  as  a  product 
of  evolution,  Is  functional  and  judgment  instnimental ,  it  by  no  means 
follows  that  logic  is  but  a  branch  of  biology,  or  that  knowledge  of  the 
world  is  but  a  temporary  ndjustmpnt,  which,  as  knowledge,  might 
have  been  radically  different.  In  those  eoncUisions,  oft«n  drawn  with 
Proiagorean  a."«iurancc,  two  considerations  of  crucial  importance 
seem  tn  be  overlooked,  first,  that  adaptation  in  itself  metaphysical  in 
character,  and  secondly,  that  while  knowledge  may  he  functional  and 
judgment  in.^inimenlal,  the  character  of  rhe  functioning  has  the 
character  of  knowledfre,  which  sets  it  oft  sharply  from  all  other 
functions. 

It  seems  strange  to  me  that  the  admission  that  knowledge  is  a 
matter  of  adaptation,  and  ihua  a  relative  matter,  should,  in  the^ 
daii'S,  be  rrgarded  as  in  any  way  destroying  the  claims  of  knowledge 
to  metaphjftical  certainty.  Yet.  somehow,  the  opinion  widely  prevails 
that  the  doctrine  of  relativity  necessarily  involves  the  surrender  of 
anj-thing  like  absolute  truth.  "  All  our  knowledge  in  relative,  and, 
therefore,  only  partial,  incomplete,  and  hut  practically  trustworthy," 
is  a  statement  repeatedly  made.  The  fact  that,  if  our  development 
had  been  diflferent,  our  knowledge  would  have  been  different,  is 
taken  to  involve  the  conclusion  that  our  knowledge  cannot  possibly 
disclose  the  real  constitution  of  things,  that  It  is  essentially  condi- 
tional, that  it  is  only  a  mental  device  for  getting  residts,  that  any 
other  system  of  knowledge  which  would  get  rceulls  equally  well 
would  be  equally  true;  in  short,  that  there  can  be  no  such  thing  aa 
metaphysical  or  epistcmological  truth,  "nicse  conclusions  do  indeed 
seem  strange,  and  especially  strange  on  the  basis  of  evolution.  For 
while  the  evolutionarTi'  process  might,  conceivably,  have  been  dif- 
ferent, its  rcsutta  are.  in  any  case,  the  results  of  the  process.  They 
are  not  arbitrary.  We  might  have  digested  without  stomachs,  but 
the  fact  that  we  use  stomachs  in  thii^  important  process  ought  not  to 
free  us  from  metaphysical  respect  for  the  organ.  As  M.  Uey  suggests, 
in  the  Revue  FhiUtxopkiqur  for  June,  1004,  a  ereature  wittmul  the 
.tenoe  of  smell  would  have  no  geometry,  Init  that  does  not  make 
geometry  essentially  hypothetical,  a  mere  mcnlAl  construction;  for 
tw  have  geometry  beeause  of  the  working  out  of  nature's  laws. 
Indeed,  instead  of  issuing  in  a  relalivistio  metaphysics  of  knowledge, 
the  doctrine  of  relativity  should  issue  in  the  recognition  of  the  finality 
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of  knowledge  in  every  esse  of  ascntainably  complete  adaptation.  la 
other  words,  adaptation  ia  itself  moiaphysioal  in  character.  Adjust- 
ment is  alvt-ays  adjustment  between  things,  and  yields  only  what  it 
does  yield.  The  things  or  elements  get  into  the  state  which  is  their 
adjustment,  and  thin  adjustment  purports  to  be  their  actual  and 
unefiuivoca]  ordering  in  relation  to  one  another.  DifTnrcnt  conditions 
might  have  produced  a  different  ordering,  but,  again,  this  ordering 
would  be  equally  actual  and  unequivocal,  equally  the  one  ordering  to 
issue  from  thorn.  To  suppose  or  admit  that  the  course  of  events  might 
have  been  and  might  be  different  is  not  at  all  to  suppose  or  admit 
that  it  was  or  is  different;  it  Lt,  rather,  to  suppose  and  admit  that  we 
have  real  knowledge  of  what  that  oouree  really  was  and  is.  This  seems 
to  be  very  obvious. 

Yet  the  evolutionist  often  thinks  that  he  is  not  a  metaphysician, 
even  when  he  brings  all  his  conoeptiona  syBtematically  under  the 
conception  of  evolution.  This  must  be  due  to  some  temporary  lack  ol 
clearness.  If  evolution  is  not  a  metaphysical  doctrine  when  extended 
to  apply  to  all  science,  all  morality,  all  logic,  In  short,  all  things,  then 
it  is  quite  meaningless  for  evolutionists  to  pronounce  a  metaphysical 
sentence  on  logical  prooesscB.  Hut  if  evolution  is  a  metaphysics,  then 
it8  sentence  is  metaphysical,  and  in  every  case  of  adjustment  or 
adaptation  we  have  a  revelation  of  the  nature  of  reality  in  a  dclinile 
and  unequivocal  form.  This  conclusion  applies  to  logical  processes  as 
well  as  to  others.  The  recognition  that  they  are  vital  processes  can, 
therefore,  have  little  significance  for  these  processeA  in  their  distinetr 
ive  character  as  logical.  They  att^  like  all  other  vital  processes  in 
that  they  are  vital  and  subject  to  evolution.  They  are  unlike  all 
nthera  in  that  thought  is  unlike  digpjition  or  breathing.  To  re| 
logical  processes  as  vita!  proceases  does  not  in  any  way.  therefor 
invalidate  them  as  logical  processes  or  make  it  superfluous  to  considt 
their  claim  to  ^ve  us  real  knowledge  of  a  real  world.  Indeed,  it  make 
such  a  conHideration  more  necessary  and  important. 

A  second  consideration  overlooked  by  the  Protagorcan  tendencies 
of  the  day  is  that  judgment,  even  if  it  is  instnimental,.  purports 
give  us  knowledge,  that  is,  it  claims  to  pe\Tal  what  ia  independent  of 
tJie  judging  process.  Perhaps  [  ought  not  to  say  that  this  considera- 
tion is  overlooked,  but  rather  that  it  is  denied  significance.  It  is  even 
denied  to  be  essential  to  judgment.  It  is  claimed  that,  instead  of,, 
revealing  anything  independent  of  the  judging  process,  judgment 
just  the  adjuEttnent  and  no  more.  It  is  a  reorganization  of  experience, 
an  attempt  at  control.  All  this  looksto  me  like  a  misstatcmeni  of  the 
facta.  Judgment  cbn'iru  to  be  no  such  thing.  It  does  not  function  as 
such  a  thing.  When  I  make  any  judgment,  even  the  simplest.  I  may 
make  it  as  the  result  of  tension,  bcrauae  of  a  demand  for  reorganiza- 
tion, in  order  to  socuro  control  of  experience;   but  the  judgment 
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meariB  for  me  something  quite  different.  It  means  decidedly  and 
uneqiTivocflUy  that  in  reality,  apart  from  the  judRing  process,  tilings 
exist  and  operate  just  as  the  judgment  declares.  If  it  is  claimed  thai 
th!s  meaning  is  illusor)*,  I  eagerly  desire  to  know  on  what  solid  ground 
itt  illusoriness  can  be  established,  TSTien  the  conclusion  was  reached 
that  gra\ntation  varies  directly  as  the  mass  and  inversely  as  the 
square  of  the  distance,  it  was  doubtless  reached  in  an  evolutionary 
and  pragmatic  way;  but  it  claimed  tr»  disclose  a  fact  which  prevailed 
before  the  conclusion  was  reached,  and  in  spite  of  the  conclusion. 
Knowledge  has  been  bom  of  the  travail  of  living,  but  it  has  been 
Horn  as  Icnnwlcdgc. 

When  thr  knowledge  character  of  jiidgment  is  insisted  on,  it  seems 
almost  incredible  that  any  one  would  think  of  denying  or  overlooking 
it.  Indeed,  current  discussions  are  far  from  clear  on  the  subject. 
Pragmati.'its  are  constantly  denying  that  they  hold  the  conclusions 
that  their  critics  almont  unanimously  draw.  There  is,  therefore,  a 
deal  of  cnnfiiaion  of  thonght  yet  to  be  dispelled.    Yet  there 

sms  to  Im*  current  a  pronounced  determination  to  banish  the  epi- 
stcmological  problem  from  logic.  This  is,  to  my  mind,  suspicious,  even 
when  ppistemnlogy  is  defined  in  a  way  which  most  epistemologiste 
would  not  approve.  It  is  suspicious  jiuit  becati.'se  we  must  always 
ask  eventually  that  most  epistcmological  and  metaphysical  queation: 
"  la  knowledge  true?"  To  answer,  it  h  tnic  whenit  functions  in  a  way 
to  satisfy  the  needs  which  generated  its  activity,  is,  no  doubt,  correct, 
but  it  is  by  no  means  adequate.  The  same  answer  can  be  made  to 
the  inquirj*  after  the  efficiency  of  any  vital  process  whatever,  and  is, 
therefore,  not  distinctive.  We  have  still  to  inquire  into  the  specific 
character  of  the  needs  which  originate  judgnaenta  and  of  the  conse- 
quent satisfaction.  Just  here  is  where  the  uniqueness  of  the  logical 
problem  is  disclosed.  With  conscious  beings,  the  success  of  the  things 
they  do  has  become  increasingly  dependent  on  their  ability  to  discover 
what  taki-s  place  in  independence  of  the  knowing  process.  That  is  the 
need  whicli  generates  judgment.  The  satisfaction  is,  of  course,  the 
attainment  of  the  discovery.  Now  to  make  the  judgment  itself  and 
not  the  consequent  action  the  instrumental  factor  seems  to  me  to 
misstate  the  facia  of  the  case.  Nothing  is  clearer  than  that  there 
is  no  necessity  for  knowledge  to  issue  in  adjustment.  And  it  is  clear 
to  me  that  increased  control  of  experience,  while  resulting  from 
knowledge,  docs  not  give  to  it  its  character.  Omniscience  could  idly 
Tlew  the  transformations  of  reality  and  yet  remain  omniseient. 
Knriwledpe  works,  but  it  is  not,  therefore,  knowledge. 

These  considerations  have  peculiar  force  when  applied  to  that 
branch  of  knowledge  which  is  knowledge  itself.  Is  the  biological 
account  of  knowlwlge  correct?  That  question  we  must  evidently 
aak,  especially  when  we  are  urged  to  accept  the  account.   Can  we, 
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lo  put  the  question  in  its  most  general  form,  accept  as  an  adequate 
account  of  the  logical  proceea  a  theory  which  is  bound  up  with  some 
other  specific  department  of  human  knowledge?  It  scetus  Lo  me  that 
wc  cannot.  Here  we  must  be  epistemologists  and  metaphysioianSj 
ur  give  up  the  problem  entirely.  This  by  no  means  involves  the 
alt«mpt  to  conceive  pure  thought  set  over  against  pure  reality  —  the 
kind  of  episteniology  and  nietaphysir«  justly  ridiculed  by  the  prag- 
matist  —  tor  knowledge,  as  already  stated,  is  given  to  us  in  concrete 
iostances.  How  knowledge  in  general  is  possible  is,  therefore,  as  uae- 
leaa  and  meaningless  a  question  as  bow  reality  in  general  is  possible. 
The  knowledge  ts  given  as  a  fact  of  life,  and  what  wc  have  to  deter- 
mine is  not  its  non-logical  anteccdcnis  or  its  practical  eonsequenoea, 
but  its  constitution  as  knowledge  and  its  validity.  It  may  be  admitteil 
that  the  question  of  validity  is  scttJcd  pragmatically.  No  knowledge 
is  true  unlnis  it  yields  results  which  can  be  verified,  unless  it  can  issue 
in  increased  control  of  expcrionec.  But  I  insist  again  that  that  fact 
is  not  sufficient  for  an  account  of  what  knowledge  claims  to  be.  It 
claims  to  issue  in  control  because  it  is  true  in  independence  of  the 
control.  And  it  is  just  this  a.ssurancc  that  is  needed  to  distinguish 
knowledge  from  what  is  not  knowledge.  It  is  the  necessity  of  exhibit- 
ing this  assurance  which  makes  it  impossible  to  subordinate  logical 
problems,  and  forces  us  at  last  to  questions  of  epistcmology  and 
nietaphysica. 

As  I  am  interested  here  primarily  in  determining  the  field  of  logic, 
it  is  somewhat  outside  my  province  to  consider  the  details  of  logical 
theory.  Yet  the  point  just  raised  is  of  so  much  importance  in  con- 
nection with  the  main  question  that  1  venture  the  following  general 
considerations.  This  is,  perhaps,  the  more  neceHsac>'  because  tba 
pragmatic  doctrine  finds  in  the  concession  made  regarding  the  teat 
of  validity  one  of  its  strangest  defenses. 

Of  course  a  judgment  is  not  true  simply  because  it  is  a  judgment, 
it  may  be  false.  The  only  way  to  settle  its  validity  is  to  discover 
whether  experience  actually  provides  what  the  judgment  promises, 
that  is,  whether  the  conclusions  drawn  from  it  really  enable  us  lo 
control  experience.  No  mere  speculation  will  yield  the  desired  result, 
no  matter  with  how  much  formal  validity  the  conclusions  may  be 
drawn.  Hiat  merely  foruuil  validity  is  not  the  cesentlal  thing,  I 
have  pointed  out  in  discuasiug  the  relation  of  logic  to  mathematics. 
The  test  of  truth  ts  pragmatic.  It  is  apparent,  therefore,  that  the 
formal  validity  does  not  determine  the  actual  validity.  What  is 
this  but  the  statement  that  the  process  of  judgment  is  not  itself  the 
determining  factor  in  its  real  validity?  It  is.  in  short,  only  valid 
judgmenta  that  can  really  give  us  control  of  experience.  The  impli- 
eatione  taken  up  in  the  judgment  mtist,  therefore,  be  real  implica- 
tions which,  aa  such,  have  nothing  to  do  with  the  Judging  process, 
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and  which,  most  certainly,  are  not  brought  about  by  it.  And  what 
is  this  but  the  claim  that  judgment  as  such  is  never  instrumental? 
In  other  words,  a  judgment  which  effected  its  ohti  content  would 
only  by  the  merest  accident  function  as  valid  knowledge.  We  have 
valid  knowledge,  then,  only  when  the  impHcations  of  the  judgment 
are  found  to  be  independent  of  the  judging  process.  We  have  know- 
ledge only  at  the  risk  of  error.  The  pragmatic  test  of  validity,  instead 
of  proving  the  instrumental  character  of  judgment,  would  thus 
appear  to  prove  just  the  reverse. 

Valid  knowledge  has,  therefore,  for  its  content  a  system  of  real, 
not  judged  or  hypothetical  implications.  The  central  problem  of 
logic  which  results  from  this  fact  is  not  how  a  knowledge  of  real 
implications  is  then  poe«ib1e.  but  what  are  the  ascertainable  types 
of  real  implications.  But,  it  may  be  urged,  we  need  some  criterion  t« 
determine  what  a  real  implication  is.  I  venture  to  reply  that  i\-e 
need  none,  if  by  such  is  meant  anything  else  than  the  facts  with 
which  we  are  dealing.  I  need  no  other  criterion  than  the  circle  t« 
determine  whether  its  diameters  are  really  equal.  And,  in  general. 
I  need  no  other  criterion  than  the  facts  dealt  with  to  determine 
whether  they  really  imply  what  I  judge  them  to  imply.  Logic  appears 
to  me  to  be  really  as  simple  as  this.  Yet  there  can  be  profound  pro- 
blems involved  in  the  working  out  of  this  ample  procedure.  There  is 
the  problem  already  stated  of  the  most  general  types  of  real  impli- 
cation, or,  in  other  words,  the  time-honored  doctrine  of  categories. 
Whether  there  are  categories  or  ba^al  types  of  existence  seem^  to  me 
to  be  ascertainable.  When  ascertained,  it  is  also  possible  to  discover 
the  types  of  inference  or  implication  which  they  afford.  This  is  by 
no  means  the  whole  of  logic,  but  it  appears  to  me  to  be  its  central 
problem. 

These  considerations  will,  I  hope,  throw  light  on  the  statement 
that  while  knowledge  works,  it  is  not  therefore  knowledge.  It  works 
because  its  content  existed  before  its  discoverj'  by  the  knowledge 
process,  and  because  its  content  was  not  effected  or  brought  about 
by  that  procewi.  Judgment  was  the  instrument  of  its  discovery,  not 
the  instrument  which  fashioned  it.  While,  therefore,  willing  to  admit 
that  logical  processes  are  %itftl  processes,  T  am  not  willing  to  admit 
that  the  problem  of  logic  is  radically  changed  thereby  in  its  formu- 
lation or  solution,  for  the  vital  processes  in  question  have  the  unique 
character  of  knowledge,  the  content  of  which  is  what  it  claims  to  be, 
a  system  of  real  implications  which  CTiated  prior  to  its  discovery. 

Iti  the  psj'chological  and  biolopcal  tendencies  In  logic,  there  is, 
however,  I  think,  a  distinct  gain  for  logical  theory.  The  insistence 
that  logical  processes  are  both  mental  and  vital  has  done  much  to 
take  thrm  out  of  the  transcendental  aloofness  from  reality  in  which 
they  have  often  been  placed,  especially  since  Kant.     So  long  as 
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thought  and  object  were  no  separated  that  they  could  never  be 
brought  tognther,  and  so  loag  as  lo^cal  processes  were  conceived 
wholly  in  terms  of  ideas  set  over  against  objects,  there  was  no  hope 
of  escape  from  the  realm  of  pure  hjrpothesia  and  conjecture.  Locke's 
axiom  that  "  the  mind,  in  all  its  thoughts  and  reasonings,  hath  no 
other  immediate  object  but  its  own  ideas,"  an  axiom  which  Kant 
did  BO  much  to  sanctify,  and  which  hos  been  the  basal  principle  of 
the  greater  part  of  modem  logic  and  metaphysics,  is  most  certainly 
subversive  of  logical  theory.  The  transition  from  Ideas  to  anything 
else  is  rendered  impossible  by  it.  Now  it  is  just  this  axiom  which  the 
biological  tendencies  in  logic  have  done  so  much  to  destroy,  lliey 
have  insisted,  with  the  greatest  right,  that  logical  processes  are  not 
set  over  against  their  content  as  idea  against  object,  as  appearance 
against  reaUty,  but  are  processes  of  reality  itself.  Just  as  reality 
can  and  does  function  in  a  ph)'aical  or  b  physiological  way,  so  also 
it  (unctions  in  a  logical  way.  The  stat«  we  call  knowledge  becomes, 
thuH,  as  much  a  port  of  the  system  of  things  as  the  state  we  call 
chemical  conibinatiou.  The  problem  how  thought  can  know  anything 
becomes,  therefore,  as  irrelevant  as  the  problem  how  elements  can 
combine  at  all.  The  recognition  of  this  is  a  great  gun,  and  tbe 
promise  of  it  tnoet  fruitful  for  both  logic  and  metaphyeica. 

But,  as  I  have  tried  to  point  out,  all  thi5  surrendering  of  pure 
thought  as  opposed  to  pure  reality,  docs  not  at  all  necessitate  our 
regarding  judgment  as  a  process  which  makes  reality  different 
from  what  it  was  before.  Of  course  there  is  one  difference,  namely, 
the  logical  one;  for  reality  prior  to  logical  processes  is  unknown.  As 
a  result  of  these  processes  it  becomes  known.  These  processes  aro, 
therefore,  reeponaiblo  for  a  known  as  distinct  from  an  unknown 
reality.  But  what  is  the  tran»rorroation  which  reality  undergoes  in 
becoming  known?  Vrlien  it  becomes  known  that  water  seeks  its  own 
level,  what  change  has  taken  place  in  the  water?  It  would  ai^ieAr 
that  we  must  answer,  none.  The  water  which  seeks  its  own  level  has 
not  been  transformed  into  ideas  or  even  into  a  human  experience. 
it  appears  to  remain,  as  water,  precisely  what  it  was  before.  The 
transformation  which  takes  place,  takes  place  in  the  one  who  knows, 
a  transformation  from  ignonuioe  to  knowledge.  Psychology  and  bi<K 
logy  can  alTord  us  the  natural  history  of  this  transformation,  but 
they  cauuut  iofurm  ua  in  the  least  as  to  why  Jt  should  have  its 
Bpecifio  character.  That  is  given  and  not  deduced.  The  attempts  to 
deduce  it  have,  without  exception,  been  futile.  That  is  why  we  are 
forced  to  lake  it  as  ultimate  in  the  same  way  we  take  as  ultimate 
the  specific  character  of  any  definite  transftmnation.  To  my  mind, 
there  in  needed  a  fuUer  and  more  cordial  rewgnition  of  this  fact.  Tb* 
cvoditiono  under  which  we,  as  iudividuala,  know  arc  certainly  di^ 
coverable,  just  as  much  as  the  conditions  under  which  we  broatlM 
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nr  digpst.  And  what  happena  to  things  when  we  know  them  ia  also 
as  djscovcmblp  ob  what  happens  to  them  when  we  breathe  them  or 
digest  them. 

But  here  the  idealist  may  interpoae  that  we  can  never  know  what 
happens  to  things  when  we  know  them,  because  we  can  never  know 
them  before  they  become  known.  1  suppose  I  ought  to  wrestle  with 
this  objection,  it  is  an  obvious  one,  but.  to  my  mind,  it  is  without 
force.  The  objection,  if  pursued,  can  carry  us  only  in  a  circle.  The 
problem  of  knowledge  is  still  on  our  hands,  and  every  logician  of 
whatever  school,  the  offerer  of  ihis  objection  also,  has,  nevertheleaB, 
attempted  to  show  what  the  transformation  is  that  thought  works, 
for  all  admit  that  it  works  some.  Are  we,  therefore,  engaged  in  a 
hopeless  task?  Or  have  we  failed  to  gnutp  the  signiheance  of  our 
problem?  I  think  the  lalt«r.  We  fail  to  recognize  that,  in  one  way 
or  other,  we  do  solve  the  problem,  and  that  our  attempts  to  solve  it 
Hhow  (piiW  clearly  that  the  objection  under  consideration  is  without 
force.  Take,  for  instance,  any  ci>ncrctocase  of  knowledge,  the  water 
(leeking  ito  own  level,  again.  Fallow  the  process  of  knowledge  lo  the 
fulletit  extent,  we  never  find  a  single  problem  which  is  not  solvable 
by  reference  to  the  concrete  things  with  which  wc  are  dealing,  nor 
a  single  solution  which  is  not  forced  upon  us  by  these  things  rather 
than  by  the  fact  that  we  deal  with  them.  The  transformation  wrought 
is  thus  discovered,  in  the  progress  of  knowledge  itself,  to  be  wrought 
solely  in  the  inquiring  individual,  and  wrought  by  repeated  contact 
with  the  things  with  which  he  deals.  In  other  words,  all  knowledge 
dieeloace  the  fact  that  its  content  is  not  created  by  itaelf,  but  by  the 
Uiin^  with  which  it  ia  ooncemed. 

It  is  quite  posi<ible,  therefore,  that  knowledge  should  be  what 
we  call  transcendent  and  yet  not  involve  us  in  a  transcendental 
logic.  That  we  should  be  able  to  know  without  altering  the  things  we 
know  is  no  more  and  no  less  remarkable  and  mysterious  than  that 
we  should  be  able  to  digest  by  altering  the  things  we  digest.  In 
other  words,  the  fact  that  digestion  alters  the  things  is  no  reason 
that  knowledge  should  alter  them,  even  if  we  admit  that  logical 
processes  are  vitAl  and  subject  to  evolution.  Indeed,  if  evolution 
teaches  us  anything  on  this  point,  it  ts  that  knowledge  processes  are 
real  just  ati  they  exist,  as  real  as  growth  and  digestion,  and  must 
have  thvir  character  described  in  accordance  with  what  they  are.  The 
noognition  that  knowledge  can  be  transcendent  and  yet  its  processes 
viwJ  seems  to  throw  light  on  the  diftiouity  evolution  has  eneoimterod 
in  accounting  for  oonsciousoess  and  knowledge.  All  the  reactions 
of  the  individual  seem  to  be  expressible  in  terms  of  chemistry  and 
physics  without  calling  in  consciousness  as  an  operating  factor.  What 
is  this  but  the  recognition  of  its  transcendence ,  especially  when  the 
conditions  of  conscious  activity  are  quite  Ukely  exprewibl^  in  cbem- 


ic&)  and  physical  terms?  While,  therefore,  biological  considerations 
result  io  the  great  gaiu  of  giving  concrete  reality  to  the  processes  uf 
kDowledge,  the  gain  is  lost,  if  knowledge  itself  is  denied  the  tran- 
scendence which  it  so  evidently  discloses. 

IV 

The  argument  advancefl  in  this  discussion  has  had  the  aim  di 
emphasizing  the  fact  that  in  knowledge  we  have  actually  given,  as 
content,  reality  as  it  is  in  independence  of  the  act  of  knowing,  that  the 
real  world  is  self-existent,  independent  of  the  judgments  we  make 
about  it.  This  fact  has  been  emphasized  in  order  to  confine  the 
field  of  logic  to  the  field  of  knowledge  as  thus  underetood.  In  the 
course  of  the  argument,  1  have  occasionally  indicated  what  some 
of  the  resulting  problems  of  logic  are.  These  1  wish  now  to  state  in 
a  somewhat  more  systematic  way. 

The  basal  problem  of  logic  becomes,  undoubtedly,  the  metaphysics 
of  knowledge,  the  determination  of  the  nature  of  knowledge  and  its 
rdatioD  to  reality.  It  is  quite  evident  that  this  is  just  the  problem 
which  the  current  tendencies  criticised  have  sought,  not  to  solve, 
but  to  avoid  or  set  aside.  Their  motives  fur  so  doing  have  been 
mainly  the  diRiculties  which  have  arisen  from  the  Kantian  philo> 
Bophy  in  its  development  into  transcendentalism,  and  the  desire 
to  extend  the  category  of  evolution  to  embraco  the  whole  of  reality, 
knowledge  included.  I  confess  to  feeling  the  force  of  these  moti\*es 
B8  strongly  as  any  advocate  of  the  onticised  opinions.  Itut  I  do  not 
see  my  way  clear  to  satisfying  them  by  denying  or  explaining  away 
the  evident  character  of  knowledge  itself.  It  appears  far  better 
to  admit  that  a  metaphysics  of  knowlcdgr-  is  ad  yet  hopeless,  rather 
than  so  to  transform  knowledge  as  to  get  rid  of  the  problem;  for  we 
must  ultimately  ask  after  the  truth  of  the  transformation.  But  I 
am  far  from  bplievinjr  that  a  metaphysics  of  knowledge  is  liopclrss. 
The  biological  tendencies  them-selves  srem  to  furnish  us  with  mucli 
material  for  at  least  the  br^innings  of  one.  Reality  known  is  to  be  set 
over  against  reality  unknown  or  indcpr-n<Icnt  of  knowledge,  not  aa 
image  to  original,  idea  to  thing,  phenomena  to  noumcna,  appearance 
to  reality;  but  reality  as  known  is  a  new  stage  in  the  development  of 
reality  itself.  It  is  not  an  external  mind  which  knows  reality  by 
means  of  its  own  ideas,  but  reality  itself  bcctmics  known  through 
its  own  expanding  and  readjusting  processes.  So  far  I  am  in  entire 
agreement  with  the  tendencies  I  have  criticised.  But  what  change  ii 
eflTected  by  this  expansion  and  re-adjustment?  1  can  find  no  othi 
answer  than  this  simple  one:  the  change  to  knowledge.  And  by  this 
1  mean  to  assert  unequivocally  that  the  addition  of  knowledge 
a  reaUty  lutherto  without  it  ia  simply  an  addition  to  it  and  not 
tmusformaiion  of  it.  Such  a  view  may  appear  to  mako  knuwl 
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a  Wholly  useless  addition,  but  I  see  no  inherent  neoesmly  in  such  a 
ftmclusion.  Nor  do  1  see  any  inherent  necessity  of  BUppoaing  that 
knowledge  must  be  a  useful  addition.  Yet  I  would  not  be  so  foolish 
as  to  deny  the  usefulness  of  knowledge.  We  have,  of  course,  the 
moet  palpable  evidences  of  its  use.  Aa  we  examine  them,  1  think  we 
find,  without  exception,  that  knowledge  is  useful  just  in  proportion 
as  we  find  that  reaUty  is  not  transformed  by  being  known.  If  it  really 
were  ininsforined  in  that  process,  could  anything  else  than  confusion 
Teault  from  the  multitude  of  knowing  individuals? 

Til  me,  therefore,  the  nietaphj-sics  of  the  situation  resolves  itself 
info  the  realistic  [Kisition  that  a  developing  reality  develops,  under 
oKcortainable  conditions,  into  a  known  reality  without  undergoing 
any  other  transfunnatiun,  and  that  this  new  stage  marks  an  advance 
in  the  eflii'icncy  of  reality  in  ita  adaptations.  My  confidence  steadily 
KrowB  that  this  whole  process  can  be  Bcientificalty  worked  out.  It  is 
impossiblr  here  to  justify  my  (x>nfidenoe  in  detail,  and  1  must  leave 
the  matter  with  tlie  following  BUggestion.  The  point  from  which 
knowledge  starta  and  to  which  it  ultimately  returns  is  always  some 
portion  of  reality  where  there  is  consciousness,  the  things,  namely, 
which,  we  are  wont  to  say,  are  in  consciousnees.  These  things  are  not 
ideas  representing  other  things  outside  of  consciousness,  but  real 
things,  which,  hy  being  in  consciousness,  have  the  capacity  of  repre- 
senting each  oUter,  of  standing  for  or  implying  each  otiicr.  Know- 
ledge is  not  the  creation  of  these  implications,  but  their  successful 
iqrstemtttization.  It  will  be  found,  I  think,  that  this  general  state- 
ment is  true  of  every  concrete  case  of  knowledge  which  we  possess. 
Its  detaUcd  working  out  would  be  a  metaphysics  of  knowledge,  an 
epist^mnlogy, 

i^ince  knowledge  is  the  succe^ful  aysteniatization  of  the  impliea- 
lions  which  arc  discloaod  in  things  by  virtue  of  consciousness,  a 
second  logical  problem  of  fundamental  importance  is  the  determina- 
tion of  the  most  general  typos  of  implication  with  the  categories 
which  underlie  them.  The  execution  of  this  problem  would  naturally 
involve,  as  subsidiary,  the  greater  part  of  formal  and  sj-mbolic  logic. 
Indeed,  vital  doetrines  of  the  syllogism,  of  definition,  of  formal 
inference,  of  the  calculus  of  classes  and  propositions,  of  the  logic  of 
relations,  appear  to  be  bound  up  ultimately  with  a  doctrine  of  cate- 
gories; for  it  is  only  a  recognition  of  basal  types  of  existence  with 
their  implications  that  can  save  these  doctrines  from  mere  formal- 
These  types  of  existence  or  categoiies  are  not  to  be  r^arded 
free  creations  or  as  the  contributions  of  the  mind  to  experience. 
"Hiere  is  no  deduction  of  tliem  possible.  They  must  be  discovered 
in  the  actual  progress  of  knowledge  itself,  and  I  sec  no  reason  to 
suppose  that  their  number  is  necessazily  fixed,  or  that  we  should 
necessarily  be  in  poscesmon  of  all  of  tbcm.   It  is  requisite,  however, 
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that  in  every  case  categories  should  be  ilicapable  of  reducti(ni  to 
each  other. 

A  doctrine  of  categories  seems  to  me  to  be  of  the  greatest  import- 
ance in  the  systematization  of  knowledge,  for  no  problem  of  relation 
is  even  stateable  correctly  before  the  type  of  existence  to  which  its 
terms  belong  has  been  first  determined.  I  submit  one  illustration 
to  reinforce  this  general  statement,  namely,  the  illation  of  mind  to 
body.  If  mind  and  body  belong  to  the  same  type  of  existence,  we 
have  one  set  of  problems  on  our  hands;  but  if  they  do  not,  we  have 
an  entirely  different  set.  Yet  volumes  of  discussion  written  on  this 
subject  have  abounded  in  confusion,  simply  because  they  have 
regarded  mind  and  body  as  belonging  to  radically  different  types  of 
existence  and  yet  related  in  terms  of  the  type  to  which  one  of  them 
belongs.  The  doctrine  of  parallelism  is,  perhaps,  the  epitome  of  this 
confusion. 

"Kie  doctrine  of  categories  will  involve  not  only  the  greater  part 
of  formal  and  symbolic  logic,  but  will  undoubtedly  carry  the  logician 
into  the  doctrine  of  method.  Here  it  is  to  be  hoped  that  recent 
tendencies  will  result  in  effectively  breaking  down  the  artificial  dis- 
tinctions which  have  prevailed  between  deduction  and  induction. 
Differences  in  method  do  not  result  from  differences  in  points  of  de- 
parture, or  between  the  universal  and  the  particular,  but  from  the 
categories,  again,  which  give  the  method  direction  and  aim,  and 
result  in  different  types  of  synthesis.  In  this  direction,  the  logician 
may  hope  for  an  approximately  correct  classification  of  the  various 
departments  of  knowledge.  Such  a  classification  is,  perhaps,  the 
ideal  of  lopcal  theory. 


SECTION  D  — METHODOLOGY  OF  saENCE 


SECTION  D  — METHODOLOGY  OF  SCIENCE 


UJaU  d.  Sefttmber  22. 3  p.  m.) 

Chairuak:  pRorcHsoa  Jaueb  E.  Crbiodtoh,  Cornell  Univei^t^. 
S^CAJCBEs:   pRorcfuiOR  Wii.KKtJf  0»TWA1J>,  Unirerwly  of  Ij^ipiig. 
Phofeb&or  Bk.s'no  EMDUAStt.  (loivunity  of  Buoa. 
SECRETARr:  Dr.  R.  B.  Pbury,  HArvard  Univcrmty. 


ON  THE  THEORY  OF  SCTENCE 


BT   WILHGLU  OSTWAU) 


» 


(TraiutaUd  from  the  German  by  Dr.  R.  if.  Yerkea,  Harvard  Univcrnty) 

[Wilhelm  Ostwald,  Profesaor  of  Phvsical  Chemistry,  University  of  Ixiipzig, 
atncf!  1S87.  b.  Srptcraber  2,  18£>3,  Kif;a,  Kuiuia.  GruL  Candidate  Chrmistry, 
1877;    Master  Cnemiatry,  1878;     Uootor  Cliemietry,  Dorpat.       " 


Hall«   and   Cainbndicr> ;    Privy    Councilor;    Assistant, 


Dr.  Hon. 
Dorpat.    1876-81; 
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LrUert;  Buay*  and  Le-clurc»;  and  many  other  noted  works  and  papers  on 
Chemistry  and  Philosophy.] 

One  of  the  few  points  on  which  the  phJosophy  of  to-day  isunit«d  is 
the  knowledge  that  the  only  thing  completely  certain  and  undoubted 
for  each  one  is  the  content  of  his  own  consciousness;  and  here  the 
certainty  is  to  be  ascribed  not  to  the  content  of  consciousness  in 
genera),  but  only  to  the  momentary  content. 

This  momentary  content  we  divide  into  two  large  groups,  which 
we  refer  to  the  inner  and  outer  world.  If  we  call  any  kind  of  content 
of  consciousness  an  experience,  then  we  ascribe  to  the  outer  world 
such  experiences  as  arise  without  the  activity  of  our  will  and  cannot 
be  called  forth  by  its  activity  alone.  Such  experiences  never  arise 
without  the  activity  of  certain  parta  of  our  body,  which  we  call 
sense  organs.  In  other  words,  the  outer  world  is  that  which  reaches 
our  consciousness  through  the  seoscs. 

On  the  other  hand,  we  ascribe  to  our  inner  world  all  experiences 
which  arise  without  the  immediate  assistance  of  a  sense  organ. 
Here,  first  of  all,  belong  all  experiences  which  we  call  remembering 
and  thinkiDg.  An  exact  and  complete  differentiation  of  the  two 
territories  is  not  intended  here,  for  our  purpose  does  not  demand 
that  this  task  be  undertaken.  For  this  purpose  the  general  orienta- 
tion in  which  every  one  recognizes  familiar  facts  of  his  oousciousneas 
is  sufiicieDt. 

Each  experience  has  the  characteristic  of  uniqueness.  None  of  us 
doubts  that  the  expression  of  the  poet  "  Everything  is  only  repeated 
in  life"  is  really  just  the  opposite  of  the  truth,  and  that  in  fact  no- 
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thiDg  is  repe&ted  in  life.  But  to  oxprcsfi  such  a  judgment  we  must 
be  in  posiUon  to  compare  difEcrcnt  experiences  with  each  other,  and 
this  possibility  rests  upon  a  fundamental  phenomenon  of  our  con- 
sciousness, memory.  Memory  alone  enables  us  to  put  various  ex* 
pehences  in  relation  to  each  other,  so  that  the  question  aa  to  their 
likeness  or  difference  can  be  asked. 

We  find  the  simpler  relations  here  in  the  inner  experiences.  A 
certain  thought,  such  as  twice  two  is  four,  I  can  bring  up  in  niy 
consciousness  oa  often  as  1  wish,  and  in  addition  to  the  content  of 
the  thought  I  experience  the  fiuther  consciousness  that  I  have 
already  had  this  thought  before,  that  it  is  familiar  to  me. 

A  similar  but  somewhat  more  complex  phenomenon  appears  in 
the  experiences  in  which  the  outer  world  takes  part.  After  1  have 
eaten  an  apple,  I  can  repeat  the  experience  in  two  ways.  First,  as 
an  inner  experience,  I  can  remember  that  1  have  eaten  the  apple 
and  by  an  effort  of  my  will  I  can  re-create  in  myself,  although  with 
diminj^ed  strength  and  intensity,  a  part  of  the  former  experience 
—  the  part  which  belonged  to  my  inner  world.  Another  part,  the 
sense  Impression  which  belonged  to  that  experience,  I  cannot  re-creal« 
by  an  effort  of  my  will,  but  I  must  again  eat  an  apple  in  order  to 
have  a  similar  experience  of  this  sort.  This  is  a  complete  repetition 
of  the  experience  to  which  the  external  worid  also  contributes. 
Such  a  repetition  does  not  depend  altogether  on  my  own  powers, 
for  it  is  necessary  that  I  have  an  apple,  that  is,  that  certain  condi- 
tions which  are  independent  of  me  and  belong  to  the  outer  woric 
be  fulfilled. 

Whether  the  outer  world  takes  part  in  the  repetition  of  an  experi- 
ence or  not  has  no  influence  upon  the  possibility  of  the  content  of 
consciousness  which  we  call  memory.  From  this  it  follows  that  this 
content  depends  upon  the  inner  experience  alone,  and  that  we 
remember  an  external  e\'ent  only  by  means  of  its  inner  conslituenta.' 
The  mere  repetition  of  corresponding  sense  impressions  is  not  suffi- 
cient for  this,  for  we  can  see  the  same  person  repeatedly  ft-ithout 
recognizing  him,  if  the  inner  accompanying  phenomena  were  so 
insignificant,  as  a  result  of  lack  of  interest,  that  their  repetition 
does  not  produce  the  content  of  consciousness  known  a«  memory. 
If  wc  sec  him  quite  frequently,  the  frequent  repetition  of  the  exter- 
nal impression  finally  causes  the  memory  of  the  corresponding  inner 
experience. 

From  this  it  results  that  for  the  "memory  "-reaction  a  certAin 
intensity  of  the  inner  experience  »  necessar)*.  This  threshold  can  be 
attained  either  at  once  or  by  continued  repetition.  The  repetitions 
are  the  more  effective  the  more  rapidly  they  follow  each  other. 
From  this  we  may  conclude  that  the  memory-value  of  an  wrpcrienee, 
or  ita  capacity  for  calling  forth  the  "  memory  "-roMtioQ  by  rvpetition, 
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deoreases  with  the  lapse  of  time.  Further,  we  must  coiuider  the 
fact  mentione<i  al>ove,  that  an  experience  is  never  exactly  fpijeated, 
and  thai  tliereforc  tlie  "  memory  "-reaction  occurs  even  where  there 
a  only  reacmblanoo  or  partial  agreement  in  place  of  complete  agree- 
^H  ment.  Here,  too,  there  are  different  degrees;  memory  takofl  place 
^H  more  easily  the  more  [perfectly  the  two  expcrienoee  agree,  and  vice 
^p  versa. 

^^  If  we  look  at  the«te  jihenomcna  from  the  physiolofpcal  side,  we 
^^  may  say  wo  have  two  kinds  of  apparatus  or  organs,  one  of  which 
^B  does  not  depend  upon  our  will,  whereaa  the  other  does.  The  former 
^^  are  the  sense  organs,  the  latter  constitutes  the  oi^an  of  thought. 
^^  Only  the  flciivities  of  the  latter  constitute  our  experiences  or  tlie 
^H  content  of  our  consciouaneea. 

^^      The  activities  of  the  former  may  call  forth  the  corresponding  pra- 

^^  eefisesof  the  latter,  but  this  is  not  always  neces-sary.  Our  sense  organs 

^H  can  be  influenced  without  our  "noticing"  it,  that  is,  without  the 

^^  thinking  apparatus  being  involved.  An  especially  important  reaction 

I       of  the  thinking  apparatus  is  memoPi'.  that  is,  the  consciousness  that 

^p  an  experience  which  we  have  just  had  possesses  more  or  less  agreement 

^^  with  former  experiences.     With  reference  to  the  organ  of  thought, 

it  is  the  expression  of  the  general  physiological  fact  that  every  process 

influences  the  organ  in  such  a  way  that  it  has  a  different  relation  to 

the  repetition  of  this  process,  from  the  first  lime,  and  moreover  that 

I        the  repetition  is  rendered  easier.   This  inlluence  decreases  with  time. 

^B      It  is  chiefly  upon  these  phenomena  that  experience  rests.    l!).\peri- 

^^  ence  result*  from  the  fact  that  all  events  consist  of  a  complete  series  of 

simultaneous  and  successive  component*.  Wheu  u  counectiun  l>etween 

some  of  tho»e  parts  has  become  familiar  to  us  by  the  repetition  of 

i  similar  occurrence8(for  instance,  the  succession  of  day  and  night), we 
do  not  feel  such  an  occurrence  as  something  completely  new,  but  as 
something  partially  familiar,  and  the  single  parts  or  phases  of  it  do 
not  surprise  us,  but  rather  we  anticipate  their  coming  or  expect 
them.  From  expectation  to  prediction  is  only  a  short  step,  and  so 
experience  enables  us  to  prophesy  the  future  from  the  past  and  pre- 
^m  sent. 

^P  Now  this  is  also  the  road  to  science;  for  science  is  nothing  but 
^B  systematized  experience,  that  is,  e.xperience  reduced  to  its  simplest 
^  and  clearest  fonns.  Its  purposes  to  predict  from  a  part  of  a  phe- 
nomenon which  is  known  another  part  which  is  not  yet  known. 
Here  it  may  be  a  question  of  spatial  as  well  as  of  temporal  phenom- 
ena, Tlum  the  scientific  io<yogi«t  knows  how  to  "determine,"  that 
is,  to  tell,  from  the  skull  of  an  animal,  the  nature  of  the  other  parts 
of  the  animal  to  which  the  skull  belongs;  likewise  the  astronomer 
is  able  to  indicate  the  future  situation  of  a  planet  from  a  few  obser* 
vatioDS  of  its  present  situation;  and  the  more  exact  the  &r8t  obeer- 
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vations  were,  the  more  distant  the  future  for  which  ho  can  predict. 
All  such  scientific  predictions  are  limited,  therefore,  with  reference  to 
their  numtwr  and  their  accuracy.  If  the  skull  shown  to  the  zoologist 
is  that  of  a  chicken,  then  he  will  probably  be  able  to  indicate  the 
general  characteristics  of  chickens,  and  also  perhaps  whether  itie 
chicken  ha<l  a  top-knot  ornot;  but  not  itscolor.and  only  uncertainly 
its  age  and  its  size.  Both  facts,  the  possibility  of  prediction  aod  itu 
limitation  in  content  and  amount,  are  an  expression  for  the  two 
fundamental  facts,  that  among  our  experiences  there  is  similarity, 
but  not  complete  agreement. 

The  fori^oing  considerations  dese^^'e  to  be  discussed  and  extended 
in  several  directions.  First,  the  objection  will  be  made  that  a  chicken 
or  a  planet  is  not  an  experience;  we  call  them  rather  by  the  most 
general  name  of  thing.  But  our  knowledge  of  the  chicken  begiriH 
with  the  experiencing  of  certain  visual  impressions,  to  which  are 
added,  perhaps,  certain  impresaons  of  hearing  and  touch.  The 
sight  impressions  (to  discuss  these  first)  by  no  means  completely 
agree.  We  sec  the  chicken  large  or  small,  aocording  to  the  distance, 
and  according  to  its  position  and  movement  its  outline  is  very  differ- 
ent. As  we  have  seen,  however,  these  differences  are  continually 
grading  into  one  other  and  do  not  reach  beyond  certain  Umits;  we 
neglect  to  obser\'e  them  and  rest  contented  with  the  fact  that  oertain 
other  peculiarities  Qegs,  wings,  eyes,  bill,  conih.  etc.)  remain  and  du 
not  change.  The  constant  properties  we  group  together  as  a  thing, 
and  the  changing  ones  we  call  the  states  of  this  thing.  Among  the 
changing  properties,  we  distinguish  further  those  which  depend 
upon  UB  (for  example,  the  distuioe)  and  those  upon  which  we  have 
no  immediate  inRuence  (for  instance,  the  position  or  motion):  the 
first  is  called  the  subjective  changeable  part  of  our  experience,  while 
the  second  is  called  the  objective  mutabUity  of  the  thing. 

This  omission  of  both  the  subjectively  and  objectively  changeable 
portion  of  the  experience  in  connection  with  the  retention  of  the 
constant  portion  and  the  gathering  together  of  the  latter  into  a 
unity  is  one  of  the  most  important  operations  which  we  perform 
with  our  experiences.  We  call  it  the  process  of  abstraction,  and  it^ 
product,  the  permanent  unity,  we  call  a  concept.  Plainly  this  pi 
cedurc  contains  arbitrary  as  well  as  necessary  factors.  Arbitrary  o| 
accidental  is  the  circumstance  that  quite  different  phasra  of  a  given' 
experience  come  to  consciousness  according  to  our  attention,  the 
amount  of  practice  we  have  had.  indeed  aroording  to  our  whole 
intellectual  nature.  We  may  overlook  can.<ttant  factors  and  attendj 
to  changeable  ones.  The  objecti\-e  facton;,  however,  become  ri< 
sary  as  soon  as  we  hax-e  noticed  them;  after  we  have  seen  that  Ihe 
chicken  is  black,  it  is  not  in  our  power  to  fee  it  ml.  Aceor.lingly,  in 
general,  our  knowledge  of  that  which  agrees  must  be  leas  than  it 
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actually  could  be,  since  wc  have  nut  been  able  to  observe  every 
agreement,  and  our  concept  is  always  poorer  in  constituents  at  any 
given  time  than  it  might  be.  To  seek  out  such  elements  of  concepts 
OS  have  been  overlooked,  and  to  prove  that  they  are  necessary  factors 
of  the  correitponding  experienoes,  is  one  of  the  never-ending  taska 
of  science.  The  other  case,  namely,  that  elements  have  been  received 
in  the  concept  which  do  not  prove  to  be  constant,  also  happetis,  and 
leads  ti>  another  task.  One  can  then  leave  that  element  out  of  the 
concept  p  if  further  experiences  show  that  the  other  elements  are 
found  in  them,  or  one  can  form  a  new  concept  which  contains  the 
former  elements,  leaving  out  those  that  have  been  rccogm:ted  as 
uneesenttal.  For  a  long  time  the  whit«  color  belonged  to  the  concept 
swan.  When  the  Dutch  black  swans  bocame  known,  it  was  poesible 
either  to  drop  the  element  white  from  the  concept  swan  (aa  actually 
happened),  or  to  make  a  new  concept  for  the  bird  which  is  simitar 
to  the  swan  but  black.  Which  choice  Is  made  in  a  given  case  is  largely 
arbitrary,  and  is  determined  by  considerations  of  expediency. 

Into  the  formation  of  concepts,  therefore,  two  factors  are  operat- 
ive, on  objective  empirical  factor,  and  a  subjective  or  purposive 
factor.  Tho  Htneas  of  a  concept  is  seen  in  relation  to  its  purpose, 
which  we  shall  now  consider. 

The  purpofle  of  a  concept  is  its  use  fur  prediction.  The  old  logic 
set  up  the  KvlkigiKm  iim  the  type  of  thought-activity,  and  its  simplest 
example  in  the  well-known 

AD  men  nn  mortal, 
t'nhiji  M  a  man, 
Thcroforc  Caius  i»  mortal. 

In  general,  the  scheme  runs 

To  tli«  concept  M  beluiiga  tbtr  elcmetic  B. 
C  brlonga  under  the  cnncept  M, 
Then'fore  the  elertiwit  B  is  found  in  C. 

One  can  say  that  this  method  of  reasoning  is  in  regular  use  even 
to  this  day.  It  must  be  added,  however,  that  this  use  Is  of  a  quite 
different  nature  from  that  of  the  ancients.  Whereas  formerly  the 
setting  up  of  the  first  proposition  or  the  major  premise  was  con- 
sidered the  most  important  thing,  and  the  establishment  of  the 
second  proposdtion  or  minor  premise  was  thought  to  be  a  rather 
trifling  matter,  now  the  relation  Is  reversed.  The  major  premise  con- 
tains the  dcacription  of  a  concept,  the  minor  makes  the  assertion 
that  a  certain  thing  belongs  under  this  concept.  A\'hat  right  exists 
for  such  an  a-sscrtion?  The  most  palpable  reply  would  be,  since 
all  the  elements  of  the  concept  M  (including  B)  are  found  in  C,  C 
belongs  under  the  concept  M.  Such  a  conclusion  would  indeed  bo 
binding,  but  at  the  some  time  quite  worthless,  for  it  only  repeats  the 
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minor  premise.  Actually  the  method  of  reasotiin^  is  enscntially 
different,  for  the  minor  premise  is  not  obtained  by  showing  that  all 
the  elements  of  the  concept  M  are  found  in  C,  but  only  some  of  them. 
The  conclusion  is  not  necesaary.  but  only  probable,  and  the  whole 
process  of  reasoning  runs:  Certain  elements  are  frequently  found  to- 
gether, therefore  they  are  united  in  the  concept  M.  Certain  of  these 
elements  are  recognised  in  the  thing  C,  therefore  probably  the  other 
elements  of  the  concept  M  will  bo  found  in  C. 

The  old  logic,  also,  was  familiar  with  this  kind  of  concluaion.  It 
was  branded,  however,  as  the  worst  of  all,  by  the  name  of  incomplete 
induction,  since  the  absolute  certainty  demanded  of  the  syllogigm 
did  not  belong  to  its  results.  One  must  admit,  however,  that  the  whole 
of  modem  science  makes  use  of  no  other  form  of  reasoning  than 
incomplete  induction,  for  it  alone  admits  of  a  prediction,  that  is,  an 
indication  of  relations  which  have  not  been  immediately  observer!. 
How  docs  science  get  along  with  the  defective  certainly  of  this 
process  of  reasoning?  The  answer  is,  that  the  probability  of  the 
oonclufflon  can  run  through  all  degrees  from  mere  conjecture  to  the 
maximum  probability,  which  is  practically  indistinguishable  from 
certainty.  The  probability  is  the  greater  the  more  frequently  an 
incomplete  induction  of  this  kind  has  proven  correct  in  lat«r  experi- 
ence. Accordingly  we  have  at  our  command  a  number  of  expressions 
which  in  their  simplest  and  most  general  form  have  the  appearance: 
If  an  element  A  is  met  within  a  thing,  then  the  element  U  is  also 
found  in  it  (in  spatial  or  temporal  relationship). 

H  the  relation  is  temporal,  this  general  statement  is  known  by 
some  such  name  as  the  law  of  causality.  If  it  is  spatial,  one  talks  of 
the  idea  (in  the  Platonic  sense),  or  the  type  of  the  thing,  of  subetanoe, 
etc. 

From  the  considerations  here  presented  we  get  an  easy  answer 
to  many  questions  which  are  frequently  discussed  in  very  different 
senses.  First,  the  question  concerning  the  general  validity  of  the 
law  of  causality.  All  attempts  to  prove  such  a  validity  have  failed, 
and  there  has  remained  only  the  indication  that  without  this  law 
we  should  feel  vi  unbearable  uncertainty  in  reference  to  the  world. 
From  this,  however,  we  »ee  very  plainly  that  here  it  is  merely  a 
question  of  expediency.  From  the  continuous  flux  of  our  expcriencf* 
we  hunt  out  those  groups  which  can  always  be  found  again,  in  order 
to  be  able  lo  conclude  that  if  the  element  A  Is  given,  the  element  H 
will  be  present.  We  do  not  find  this  relationship  as  "given,"  but 
we  put  it  into  our  experience*,  in  that  we  conwder  the  parts  which 
correspond  to  the  relationship  as  belonging  together 

The  vpf)'  same  thing  may  he  said  of  spat  inl  complexes.  Such  factors 
as  are  always,  or  at  any  rate  often,  found  together  are  taken  by  ua  as 
"belonging  together,"  and  out  of  them  a  concept  Is  formed  which 
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erabracps  those  factois.  A  quistion  as  i-o  the  why  has  herp,  as  with 
the  temporal  comploxps,  no  definite  nw^iiing.  Thrm  are  countless 
things  that  happen  t-ogether  once  to  which  we  pay  no  attention 
because  they  happen  only  once  or  but  seldom.  The  knowledge 
of  the  fact  that  auch  a  single  concurrence  exists  amounts  to  nnrhing, 
aince  from  the  presence  of  one  factor  it  does  not  lead  to  a  conelusion 
as  to  the  presence  of  another,  and  therefore  does  not  make  possible 
prediction.  Of  all  the  possible,  and  even  actual  combinations,  only 
thoee  interest  us  which  are  it'pcated,  and  this  arbitral^'  but  expedient 
selection  produces  the  impression  that  the  world  consists  only  of 
eombinations  that  can  be  repeated  ;  that,  in  other  words,  the  law  of 
causality  urof  the  type  is  a  general  one.  However  general  or  limited 
application  these  laws  have,  is  more  a  question  of  our  skill  in  finding 
the  constant  combinations  among  those  that  are  present  than  a  ques- 
tion  of  objective  natural  fact. 

Thus  we  see  the  development  and  pursuit  of  all  sciences  going  on  in 
such  a  way  that  on  the  one  hand  more  and  more  constant  combina- 
tiona  are  discovered,  and  on  the  other  hand  more  inclusive  relations 
of  this  kind  are  found  out,  by  means  of  which  elements  are  united 
with  each  other  which  before  no  one  had  even  tried  to  bring  t^tgethor. 
So  sciences  arc  increasing  both  in  the  sense  of  an  increasing  complica^ 
tion  and  in  au  increasing  unification. 

If  wc  consider  from  thisstandiKiint  the  development  and  procNlure 
of  the  various  sciences,  wc  find  a  mtinnal  divi.4ion  of  the  sum  total  of 
science  in  the  question  as  to  the  scope  and  multiplicity  of  the  com- 
binations or  groups  trenteiJ  of  in  them.  These  two  properties  arc  in 
a  certain  sense  antithetical.  The  simpler  a  complex  is,  that  is,  the 
fewer  elements  brought  tc^ethcr  in  it,  the  more  frequently  it  is  met 
with,  and  vice  versa.  One  can  therefore  arrange  all  the  sciences  in 
such  a  way  that  one  begins  with  the  least  multiplicity  and  the  greatest 
scope,  and  ends  with  the  greatest  multiplicity  and  the  least  aoope. 
The  first  science  will  be  the  most  general,  and  will  therefore  contain 
the  most  general  and  therefore  thn  most  barren  concepts;  the  last 
will  contain  the  most  specific  and  therefore  the  richest. 

What  are  these  hmiting  concepts?  The  moat  general  is  the  concept 
of  tiling,  that  is,  any  piece  of  experience,  seized  arbitrarily  from  the 
flux  of  our  experiences,  which  can  be  repeated.  The  most  specific 
and  richest  is  the  concept  of  huTTian  xnlercourse.  between  the  science 
of  things  and  the  science  of  human  intercourse,  all  the  other  «cieuoee 
are  found  arranged  in  r^ular  gradation.  If  one  follows  out  the 
scheme  the  following  outline  results: 

1.  Theory  of  order.  "l 

2.  Theory'  of  numben,  or  arithmetic.   1 

3.  Theory  of  time.  j 

4.  Theory  of  space,  or  geometry.         J 


Mathematics. 
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5.  Mechanics.  1 

6.  Physics.       V  Eaergcties.  ■ 

7.  Chemiatry.  j 

8.  Physiology.    | 

9.  Psychology.  >  Biology. 
10.  Sociology.     J 
This  tabic  m  arbitrary  in  so  far  as  the  grades  assumed  can 

incitiascd  or  diminished  according  to  need.  For  example,  mcchameB' 
and  ph>'sics  could  be  taken  together;  or  between  physics  and  chem< 
ialry,  physical  chemistry  could  be  iuacrted.  Likewise  between 
physiology  and  psychult^y,  anthropology  might  find  a  place;  or  Ihc 
firet  five  sciences  might  be  united  under  mathematics.  Uow  one 
makes  these  divisions  is  entirely  a  practical  question,  which  will  be 
answered  at  any  time  in  accordance  with  the  purposes  of  division; 
and  dispute  concerning  the  matter  is  almost  useless. 

I  should  Ukc,  however,  to  call  attention  to  the  three  great  grouj 
of  mathematics,  energetics,  and  biology  (in  the  Avider  sense).    Thej 
represent   the  decisive   regulative  thought   which   humanity   hasf 
evolved,  contributed  up  to  this  time,  toward  the  scientific  mastery  of 
its  experiences.    Axrangenient  is  the  fuudaraeutal  thought  of  mathe- 
matics.   From  mechanics  to  chemistry  the  concept  of  energy  is  the 
most  important;   and  for  the  last  three  sciences  it  is  the  concept  of^ 
life.     Mathematics,  energetics,  and  biology,  therefore,  embrace  the 
totality  of  the  sciences. 

Before  we  enter  upon  the  clotfer  consideration  of  these  sciences,  it 
will  be  well  to  anticipate  another  objection  wliicli  can  be  raised  on  the 
basis  of  the  following  fact.    Besides  the  sciences  named  (and  those) 
which  he  between  them)  there  are  many  others,  as  geology,  history, 
medicine,  philology,  which  we  find  difficulty  in  arranging  in  the  above 
scheme,  which  must,  however,  be  taken  into  consideration  in  some 
way  or  other.    They  are  oft«n  characterized  by  the  fact  that  they 
stand  in  relation  with  several  of  the  sciences  named,  but  even  more 
by  the  following  circumstance.    Their  task  is  not,  as  is  true  of  the 
pure  scieoces  above  named,  the  discovery  of  general  relationships,, 
but  they  relate  rather  to  existing  complex  objects  whose  origin, 
scope,  extent,  etc.,  in  short,  whose  temporal  and  spatial  relationships 
they  have  to  discover  or  to  "explain."   For  this  pvirjwse  they  make , 
use  of  relations  which  are  placed  at  their  disposal  by  the  first-named 
pure  sciences.  These  sciences,  therefore,  had  better  be  called  applied 
sciences.    However,  In  this  connection  we  should  not  think  only  oCj 
even  chiefly  of  technical  applications;  rather  the  expmtsion  is  used-^ 
to  indicate  that  the  rpciprocal  relations  of  the  parts  of  an  object  are 
to  be  called  to  mind  by  the  application  of  the  general  rulee  found  in 
pure  science. 

While  in  such  a  task  the  abstraction  process  of  pure  •cteuce  it 


ON  THE  THEORY  OF  SCIENCE 


341 


not  applicable  (for  the  omiasion  of  certain  parts  and  the  coDcentra- 
tion  upon  othera  which  is  characteriatic  of  these  is  excluded  by  the 
nature  of  the  task),  yet  in  a  given  case  usually  the  necessity  of  bringing 
ID  various  pure  aciencea  for  the  purpose  of  explanation  is  evident. 

Astronomy  ia  one  of  these  applied  sciences.  I'rimarily  it  rests  upon 
mechanics,  and  in  its  inatrument&l  pi^rtion,  upon  optics;  in  its 
present  dcvelopiuent  on  the  spectroscopic  aide,  however,  it  borrows 
considerably  of  chenu8tr>'.  In  like  manner  hijftory  is  applied  tiocinlogy 
and  psychology.  Medicine  makes  use  of  all  the  sciences  before  men- 
tioned, up  to  psychology,  etc.   . 

It  b  important  to  get  clearly  in  mind  the  nature  of  these  sciences. 
since,  on  account  of  their  compound  nature,  they  resist  arrangement 
[amongat  the  pure  sciences,  while,  on  account  of  their  practical 
significanco,  they  still  demand  conaderation.  The  latter  fact  gives 
them  also  a  sort  of  arbitrary  or  accidental  character,  since  their 
development  is  largely  conditioned  by  the  special  needs  of  the  time. 
Their  numV»or,  speaking  in  general,  is  very  large,  since  each  pure 
science  may  be  turned  into  an  applied  science  in  various  ways;  and 
teince  in  addition  we  have  combinations  of  two,  three,  or  more  sciences. 
Moreover,  the  method  of  procedure  in  the  applied  science*  is  funda- 
mentally different  from  that  in  the  pure  sciences.  In  the  first  it  is 
a  question  of  the  greatest  possible  analysis  of  a  wngle  given  complex 
into  its  scientifically  comprehensible  parts;  while  pure  science,  on 
the  other  hand,  considers  many  complexes  together  in  order  to 
LiKparatc  out  from  them  their  common  element,  but  expressly  di^ 
claims  the  complete  analysis  of  a  single  complex. 

In  scientific  work,  as  it  appears  in  pmcticc,  pure  and  applied 
acience  ar*  by  no  means  sharply  separated.  On  the  one  hand  the 
auxiliaries  of  investigations,  such  as  apparatus,  books,  etc.,  demand 
of  the  pure  investigator  knowledge  and  application  in  applied  science ; 
and,  on  the  other  hand,  the  applied  scientist  is  frequently  unable  to 
accomplish  his  task  unless  ho  himself  becomes  for  the  time  being 
a  pure  investigator  and  ascertains  or  discovers  the  missing  general 
relationships  which  he  needs  for  his  task.  A  separation  and  differentia- 
tion of  the  two  forms  of  science  was  necessary,  however,  since  the 
method  and  the  aim  of  each  present  essential  differences. 

In  order  to  consider  the  method  of  procedure  of  jnire  science  more 
carefully,  let  ua  turn  back  to  the  table  on  pageH339.340.and  attend  to 
the  single  sciences  separately.  The  theory  of  arrangement  was  men- 
tioned 6rst.  although  this  place  is  usually  assignetl  to  mathematics. 
However,  mathematics  has  to  do  with  the  concepts  of  number  and 
magnitude  as  fundamentals,  while  the  theory  of  arrangement  does 
not  make  use  of  these.  Here  the  fundamental  concept  is  rather  the 
thing  or  object  of  which  nothing  more  is  demanded  or  considered 
than  that  it  is  a  fragment  of  our  experience  which  can  be  isolated  and 
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will  rem^n  80.  It  must  not  be  an  arbitrate  oombinatioD;  such  a 
thing  would  have  only  momentary  duration, and  the  task  of  science, 
to  learn  the  unknown  from  the  given,  could  not  find  application. 
Rather  must  this  element  have  such  a  nature  that  it  can  be  charac- 
terized and  recognized  again,  that  is,  it  must  already  have  a  concept- 
ual nature.  Therefore  only  parts  of  our  experience  which  can  be 
repeated  (which  alone  can  be  objects  of  science)  can  be  characterized 
as  things  or  objects.  But  in  saying  this  we  have  said  all  that  was 
demanded  of  them.  In  other  respects  they  may  be  just  aa  different 
as  is  conceivable. 

If  the  question  is  asked,  What  can  be  said  scientifically  about 
indefinite  things  of  this  sort?  it  is  especially  the  relations  of  arrange- 
ment and  association  which  yield  an  answer.  If  we  coil  any  definite 
combination  of  such  things  a  group,  we  can  arrange  such  a  group 
in  different  ways,  that  is,  we  can  determine  for  each  thing  the  relation 
in  which  it  is  to  stand  to  the  neighboring  thing.  From  every  such 
arrangement  result  not  only  the  relationships  indicated,  but  a  great 
number  of  new  ones,  and  it  appears  that  when  the  first  relationahipa 
are  given  the  others  alwQ)'8  follow  in  like  manner.  This,  however, 
is  the  type  of  the  scientific  proposition  or  natural  law  (page  335). 
From  the  preeence  of  certain  relations  of  arrangement  we  can  deduce 
the  presence  of  others  which  we  have  not  yet  demonstrated. 

To  illustrate  this  fact  by  an  example,  let  us  think  of  the  things 
arranged  in  a  simple  row,  while  we  choose  one  thing  as  a  first  member ' 
and  associate  another  with  it  as  following  it;  with  the  latter  another 
is  associated,  etc.  Thereby  the  position  of  each  thing  in  the  row  is 
determined  only  in  relation  to  the  immediately  preceding  thing. 
Nevertheless,  the  position  of  every  member  in  the  whole  row,  and 
therefore  its  relation  to  every  other  member,  is  determined  by  this. 
This  is  seen  in  a  number  of  special  laws.  If  we  differentiate  former 
and  latter  memlwrswe  can  formulate  the  proposition,  among  others, 
if  B  is  a  later  member  w-ith  reference  to  A,  and  C  with  reference  U> 
B,  then  C  is  also  a  later  member  with  reference  to  A. 

The  correctness  and  validity  of  this  proposition  seems  to  ua  beyond 
all  doubt.    But  this  is  only  a  result  of  the  fact  that  we  are  able  to- 
demonstrate   it  very  easily  in  countlcas  single  oases,  and  have  SO' 
demonstrated  it.     We  know  only  eases  which  correspond  to  the 
proposition, and  havencvercxpcriencodacontradictory  ease.    Toeall 
such  a  proposition,  however,  a  neceaaityof  thinking. does  ttot  appearl 
to  me  correct.  For  the  expression  necessity  of  thinking  ran  only  rest : 
upon  the  fact  that  every  time  the  proposition  is  thought,  that  is,  everx 
lime  one  romembers  its  demonstration,  its  confirmation  always  arises. 
But  every  sort  of  false  proposition  is  also  thinkable.   An  undeniable 
proof  of  this  is  tho  fact  thatso  much  which  isfalseis  actually  thought. 
But  to  base  the  proof  for  the  correctness  of  a  propoeition  upon  the 
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impoaaibility  of  thinking  its  opposite  is  an  impossible  undertaking, 
because  evcrj*  sortof  nonsense  can  bp  thought:  where  the  proof  was 
thought  to  have  been  given,  there  baa  always  been  a  confusion  of 
thought  and  intuition,  proof  or  inspection. 

With  this  one  proposition  of  course  the  theory  of  order  is  not 
exhausted,  for  here  it  is  not  a  question  of  the  development  of  this 
theof)*,  but  of  an  example  of  the  nature  of  the  problems  of  science. 
Of  the  further  questions  wc  shall  briefly  discuss  the  problem  of 
association. 

If  we  have  two  groups  A  and  B  given,  one  ran  associate  with  every 
member  of  A  one  of  B;  that  is,  we  dctx^rminc  that  certain  operations 
which  can  be  carried  on  with  the  members  of  A  are  also  to  be  carried 
on  with  those  of  B.  Now  wc  can  begin  by  simply  carrj-ing  out  the 
association,  member  for  member.  Then  wc  shall  have  one  of  three 
rffiults:  A  will  be  exhausted  while  there  arc  still  members  of  B  left, 
or  B  will  be  esbaustwi  first,  or  finally  A  and  B  will  be  exhausted  at 
thf  same  time.  In  the  first  case  wc  call  A  poorer  than  B;  in  the  second 
b  poorer  than  A;  in  the  third  both  quantities  are  alike. 

Here  for  the  first  time  we  come  upon  the  scientific  concept  of 
equality,  which  calls  for  discussion.  There  can  be  no  question  of  a 
complete  identity  of  the  two  groups  which  have  been  denominated 
K^ual,  for  we  have  made  the  assumption  that  the  members  of  both 
groups  can  be  of  any  nature  whatever.  They  can  then  be  as  different 
as  possible,  considered  singly,  but  they  are  alike  as  groups.  However 
I  may  an-aiige  th<?  members  of  A,  I  can  make  a  similar  arrangement 
of  th«?  memlwrs  of  B,  since  every  member  of  A  has  one  of  B  associated 
with  it;  and  with  reference  to  the  property  of  arrangement  there  is  no 
difference  to  Iw  olwerved  between  A  and  B.  If,  however,  A  is  poorer 
or  richer  than  B,  thin  possibility  ceases,  for  then  one  of  the  groups 
has  mcml>ers  to  which  none  of  the  members  in  the  other  group  cor- 
responds; 60  that  the  operations  carried  out  with  these  members 
cannot  be  earned  out  with  those  of  the  other  group. 

Equality  in  the  scientific  sense,  therefore,  means  equivalence, 
or  the  poeability  of  Hubstitutinn  in  quite  definite  operations  or  for 
quite  definite  relations.  Beyond  this  the  things  which  are  called 
liko  may  show  any  difforencw)  whatever.  The  general  scientific 
process  of  abstraciion  is  again  easily  seen  in  this  special  case. 

On  the  basis  of  the  definitions  just  given,  wc  can  eatublish  further 
propositions.  If  group  A  equals  B,  and  B  equals  C,  then  A  also 
equals  C,  The  proof  of  this  ia  that  we  can  relate  every  member 
of  A  to  a  corresponding  member  of  B  and  by  hypotheeia  no 
member  will  be  left.  Then  C  is  arranged  with  reference  to  B,  and 
here  also  no  member  ia  left.  By  this  process  every  member  of  A, 
through  the  connecting  Hnk  of  a  mt-mbcr  of  B,  is  associated  with 
a  member  of  C,  and  this  association  is  preserved  even  if  we  cut  out 
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the  group  B.     Therefore  A  and  C  are  equal.    The  same  proccas 
reasoning  ran  be  carried  out  for  any  number  of  groups. 

Ijlcewise  it  ean  be  dcmonatrated  that  if  A  is  poorer  than  B  and  B 
poorer  than  C,  then  A  in  also  poorer  than  C.  For  in  the  assoeiatioi 
of  B  with  A  some  memberB  of  B  are  left  over  by  hypotheais, 
likewise  some  members  of  C  arc  left  over  if  one  aasooiatca  C  with  B. 
Therefore  in  the  association  of  C  with  A,  not  only  those  membora  are 
left  over  which  could  not  be  associated  with  B,  but  also  those  mem- 
bers of  C  which  extend  beyond  B.  This  proposition  can  be  extended 
to  any  number  of  groups,  and  permits  the  arrangement  of  a  number 
of  different  groups  in  a  simple  series  by  beginning  with  the  poorest 
and  choosing  each  following  so  that  it  ia  richer  than  the  preceding 
but  poorer  than  the  foUomng.  From  the  proposition  just  eatablished, 
it  follows  that  every  group  ts  so  arranged  with  reference  to  all  other 
groups  that  it  ia  richer  than  all  the  preceding  and  poorer  than  all  the 
following.' 

In  this  derivation  of  scientific  propoaition  or  la^va  of  the  simplest , 
kinds,  the  process  of  derivation  and  the  nature  of  the  result  becomt 
particularly  clear.    We  arrive  at  sueh  a  proposition  by  perffirmingj 
an  operation  and  expressing  the  nwult  of  it.   lliis  i>X]>re6sion  enablea- 
us  to  avoid  the  repetition  of  the  operation  in  the  future,  since  in 
accordance  with  the  law  we  can  in<licate  the  result  immediately. 
Thus  an  abbreviation  and  therefore  a  facilitation  of  itiu  pmblem  ia 
attained  which  la  the  more  considerable  the  larger  the  number  of 
operations  saved. 

If  we  have  a  number  of  equal  groups,  we  know  by  the  proceas 
aasociation  that  all  of  the  operations  with  reference  to  arrangement 
which  xve  can  [lorform  with  one  of  them  can  be  |>erformefl  with  all  the 
others.  It  is  sufficient,  therefore,  to  determine  the  proiM'rii<«  of 
arrangement  of  one  of  these  groups  in  order  to  know  forthwith  tb« 
properties  of  all  the  others.  This  is  an  extremely  important  pro-d 
position,  which  is  continually  employed  for  the  most  various  purpoaea^ 
All  speaking,  writing,  and  reading  rests  upon  the  association  of 
thought's  with  sounds  and  syndiuls,  and  by  arranging  the  signs  ia. 
accordance  with  our  thoughts  we  bring  it  to  pass  that  our  hearera! 
or  readers  think  like  thoughts  in  like  order.  In  a  nmilar  fashion  we 
make  use  of  various  systems  of  fonuulse  in  the  different  sciences, 
especially  in  the  simpler  ecieucea;  and  these  fonnube  we  correlate 
with  phenomena  and  use  in  place  of  the  phenomena  themselves, 
and  can  therefore  derive  from  them  certain  charade  rial  ics  of  phe- 
nomena without  being  compelk^l  to  use  llic  latter.  Ilic  force  of  tliis 
process  appears  very  strikingly  in  astrooomy  where,  by  the  use  of 
definite  fonnulv  aasooiated  with  the  different  heavenly  bodies,  we 

>  Equ>]  BTOOps  auuiot  be  JuiUnguidud  bere,  and  tlier^ore  reproMot  ottly  • 
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can  forctdl  the  future  positions  of  these  bodies  vith  a  high  degree  of 
approximation. 

From  the  theory  of  order  we  come  to  the  theory  of  number  or 
arithmetic  by  the  systematic  arrangement  or  development  of  an 
operation  just  indicated  (page  MS).  We  ean  arrange  any  number  of 
groups  in  such  a  nay  that  a  richer  always  follovvs  a  poorer.  But  the 
complex  obtained  in  this  manner  is  always  accidental  with  reference 
to  Llie  number  and  the  richness  of  its  members.  A  regular  and  com- 
plete structure  uf  alt  possible  groups  is  evidently  obtained  only  if 
we  start  from  a  group  of  one  member  or  from  a  simple  thing,  and  by 
the  addition  of  one  member  at  a  time  make  further  grouim  out  of 
those  that  we  have.  Thus  wc  obtain  different  groups  arrangetl  ae- 
cording  to  an  increasing  richness,  and  sinci^  wo  have  advanced  one 
member  ai  a  time,  that  la,  made  the  smallest  step  which  i.s  {x>saiblo. 
we  are  certain  thai  we  have  left  out  no  possible  gniup  which  is  poorer 
than  the  richest  to  which  the  operation  has  been  carried. 

Thifi  whole  pn)ceK«  is  familiar;  it  given  the  series  of  the  positive 
whole  nuntlx-rv.  that  in,  the  cardinal  numbers.  It  is  to  be  noted  that 
the  concept  of  quantity  has  not  yet  been  considered;  what  wo  have 
gained  Is  the  concept  of  number.  The  single  things  or  members  in 
this  number  arc  cjuite  arbitrary,  and  especially  they  do  not  need  to 
be  alike  in  any  manner.  Every  number  forms  a  group-type,  and 
arithmetic  or  the  science  of  numbers  has  the  task  of  investigating 
the  propertjes  of  theae  different  types  with  reference  to  their  division 
and  combination.  If  this  is  done  in  general  fonn,  without  attention 
to  the  special  amount  of  the  number,  the  corresponding  science  is 
called  algebra.  On  the  other  band,  by  the  application  of  formal  rules 
of  formation,  the  number  system  has  had  one  extension  after  another 
beyond  the  territory  of  its  original  validity.  Thus  counting  back- 
ward led  to  zero  and  to  the  negative  numbers;  the  inversion  of 
involution  to  the  imaginary  numbers.  For  the  group-lype  of  the 
positive  whole  numbers  is  the  simplust  but  by  no  means  the  only 
pocisible  one,  and  for  the  purpose  of  representing  other  mauifoldtt 
than  tliose  which  are  met  with  in  experience,  these  new  types  have 
proved  themselves  very  uiseful. 

At  the  same  time  the  number  series  gives  us  an  extremely  useful 
type  of  arrangement.  In  the  process  of  arising  it  is  already  ordered, 
and  wc  make  use  of  it  for  the  purpose  of  arranging  other  groups. 
Thus,  we  are  accustomed  to  furnish  the  pages  in  a  book,  the  seats  in  a 
theatre,  and  countless  other  groups  which  we  wish  to  make  use  of  in 
any  kind  of  order  with  the  signs  of  the  number  series,  and  thereby 
we  make  the  tacit  assumption  that  the  use  of  that  corresponding 
group  shall  lake  place  in  the  same  order  as  the  natural  numbers 
follow  each  other.  The  ordinal  numbers  arising  therefrom  do  not 
repraeent  quantities,  nor  do  they  represent  the  only  possible  type 
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of  arrangement,  but  they  are  again  the  simplest  of  all.  Wcoome 
to  the  concept  of  magnitude  only  in  the  theory  of  time  and  spocc. 
The  theory  of  time  has  not  been  developed  as  a  special  science;  on 
the  contrarj',  what  we  have  to  say  about  time  first  appears  in  me- 
chanics. Meantime  wc  can  present  the  fundamental  concepts,  which 
arise  in  this  connection,  with  reference  to  such  wcll-knonii  charac- 
teristics of  time  that  the  lack  of  a  special  science  of  time  is  no  dis- 
advantage. 

The  first  and  most  important  characteristic  of  time  (and  of  space, 
too)  is  that  it  is  a  continuous  manifold;  that  is,  every  portion  of 
time  chosen  can  be  divided  at  any  place  whatever.  In  the  number 
series  this  is  not  the  cose;  it  can  be  dinded  only  between  the  single 
numbers.  The  scries  one  to  ten  baa  only  nine  places  of  division  and 
no  more.  A  minute,  or  a  second,  on  the  other  hand,  has  an  unlimited 
number  of  places  of  division.  In  other  words,  there  is  nothing  in  the 
lapse  of  any  time  which  hinders  us  from  separating  or  distinguiHhing 
in  thought  at  any  given  instant  the  time  which  has  elapsed  till  then 
from  the  following  time.  It  is  just  the  same  with  space,  except  that 
time  is  a  simple  manifold  and  space  a  threefold,  continuous  matiifold. 

Nevert  hele-ss,  when  we  measure  them ,  we  are  accustomed  to  tndicat 
times  and  spaces  with  numbers.  If  we  first  examine,  for  example^ 
process  of  measuring  a  length,  it  consists  in  our  applying  to  the  dis- 
tance to  be  measured  a  length  conceived  as  unchangeable,  the  unit 
of  measure,  until  we  have  passed  over  the  distance.  The  number  of 
these  applications  gives  us  the  measure  or  magnitude  of  the  distam 
The  result  is  that  by  the  indication  of  arbitrarily  chosen  pointa  upoi 
the  continuous  distance,  we  i)tace  upon  it  an  artificial  discontinuit] 
which  enables  ua  to  aesociato  it  with  the  discontinuous  number  series. 

A  still  further  assumption,  however,  belongs  to  the  concept  of 
measuring,  namely,  that  the  parts  of  the  distance  cutoff  by  the  unit 
used  as  a  measure  be  equal,  and  it  is  taken  for  granted  that  thit 
requirement  will  be  fulfilled  to  whatever  place  the  unit  of  measure' 
Ib  shifted.  As  may  be  seen,  this  is  a  definition  of  equality  carried 
further  than  the  former,  for  one  cannot  actually  replace  a  part  of 
the  distance  by  another  in  order  to  convince  one's  self  that  it  has 
not  changed.  Just  as  Uttle  can  one  assert  or  prove  that  the  imit  of 
measure  in  changing  its  place  in  space  remains  of  the  same  length; 
we  can  only  say  that  such  distances  as  are  detcnnincd  by  the  unit  of 
measure  in  different  places  aredeclaredordefiDed  ae  equal.  Actually, 
for  our  eye,  the  unit  of  measure  becomes  smaller  in  perspective  the 
farther  away  from  it  we  find  ourselves. 

From  this  example  we  sec  again  the  great  contribution  which 
arbitrariness  or  free  choice  lias  made  to  all  our  structure  of  science. 
We  could  de\'e]op  a  geometry  in  which  distances  which  seem  sub- 
jeotively  equal  to  our  eye  are  called  eqtuU,  and  upon  this  aaiumptiun 
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we  would  be  able  to  develop  a  self-conaistcnt  system  or  science.  Such 
a  geometry,  however,  would  have  an  extremely  complex  and  imprac- 
tical structure  for  objective  pxuposee  (as,  for  example,  land  meas- 
urement), and  so  we  strive  to  develop  a  science  as  free  as  possible 
from  subjective  factors.  Historically,  we  have  before  us  a  process  of 
this  sort  in  the  astronomy  of  Ptolemy  and  that  of  Coperuicus.  The 
former  corresponded  to  the  subjective  appearances  in  the  assumption 
that  all  heavenly  bodies  revolved  around  the  earth,  but  proved  to  be 
very  comphcated  when  oonfrotited  with  the  task  of  mastering  these 
movements  with  figures.  The  latter  gave  up  the  subjective  stand- 
point of  the  observer,  who  looked  upon  himself  as  the  centre,  and 
attained  a  tremendous  simpHfication  by  placing  tlie  centre  of  revo- 
lution in  the  sun. 

A  few  words  are  to  be  said  here  about  the  application  of  arithmetic 
and  algebra  to  geometry.  It  is  well  known  that  under  definite 
assumptions  (codrdinatee),  geometncal  figures  can  be  represented 
by  means  of  algebnuo  formulie,  so  tliat  the  geometrical  properties 
uf  the  figure  can  be  deduced  from  the  anthmeti<:al  properties  of  the 
forrouhe,  and  vice  versa.  The  question  must  be  asked  how  such  a 
close  and  univocal  relationship  is  possible  between  things  of  such 
different  nature.  Tlie  answer  is,  that  here  is  an  especially  clear  case 
of  association.  The  manifold  of  uumbena  is  much  greater  than  that  of 
surface  or  space,  for  while  the  latter  are  determined  by  two  or  three  in- 
dependent measurements,  one  can  have  any  number  of  independent 
number  series  working  together.  Therefore  the  manifold  of  numbers 
is  arbitrarily  limited  to  two  or  three  independent  series,  and  in  ao 
far  determines  their  mutual  relations  (by  moans  of  the  laws  of  cosine) 
;hat  there  results  a  manifold,  corresponding  to  the  spatial,  which  con 
be  completoly  aasociated  with  the  spatial  manifold.  Then  we  have 
two  manifolds  of  the  same  manifold  character,  end  all  charactciistioB 
of  arrangement  and  size  of  the  one  find  their  likeness  in  the  otlier. 

This  again  characterizes  an  extremely  important  scientific  pro- 
cedure which  consists,  namely,  in  constructing  a  formal  manifold  for 

e  content  of  experience  of  a  certain  field,  to  which  one  attributes 
same  manifold  character  which  the  former  possesses.  Every 
ioe  reaches  by  this  means  a  sort  of  formal  language  of  correspond- 
ing completeness,  which  depends  upon  bow  accurately  the  manifold 
character  of  the  object  is  recognized  and  how  judiciously  the  formuls 
have  been  chosen.   While  in  arithmetic  and  algebra  this  task  has  been 

srformed  fairly  well  (though  by  no  means  absolutely  perfectly),  the 
hemical  formulae,  for  instance,  express  only  a  relatively  small  part 
'of  the  manifold  to  be  represented;  and  in  biology  as  far  as  sociology, 
scarcely  the  first  attempts  have  been  made  in  the  accomplishment  of 
this  taak. 

Language  especially  serves  as  such,  a  universal  manifold  to  repre- 
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sent  the  manifolds  of  experience.  As  a  result  of  its  development 
from  a,  time  of  less  culture,  It  bos  by  no  means  sufficient  regularity 
and  completeness  to  accomplish  its  purpose  adequately  and  con- 
veniently. Rather,  it  is  just  as  unsystematic  as  the  events  in  the 
lives  of  single  peoples  have  been,  and  the  necessity  of  expreastng 
the  endlessly  different  pftrticulara  of  daily  life  has  only  allowed  it  to 
develop  so  that  the  correspondence  between  word  and  concept  is 
kept  rather  indefinite  and  changeable,  according  to  need  within 
somewhat  wide  limits.  Thus  all  work  in  those  sciences  which  nm«t 
make  vital  use  of  these  means,  as  especially  psychology  and  sociology, 
or  philosophy  in  general^  is  made  extremely  difficult  by  the  ceaseless 
struggle  with  the  indefimteness  and  ambiguity  of  lai^uage.  An 
improvement  of  this  condition  can  be  effected  only  by  introducing 
agDB  in  place  of  words  for  the  representation  of  concepts,  as  the 
progress  of  science  allows  it,  and  equipping  these  signs  with  the 
manifold  which  from  experience  belongs  to  the  concept. 

An  intermediate  position  in  this  respect  is  taken  by  the  sciences 
which  were  indicated  above  as  parts  of  energetics.  In  this  realm 
there  is  added  to  the  concepts  order,  number,  sise,  space,  and  time, 
a  new  concept,  that  of  energy,  which  finds  application  to  ever>' 
^ngle  phenomenon  in  this  whole  field,  just  as  do  those  more  general 
concepts.  This  is  due  to  the  fact  that  a  certain  quantity,  which 
is  known  to  us  most  familiarly  as  mechanical  work,  on  account  of 
its  qualitative  transformability  and  quantitative  constancy,  ean 
be  shown  to  be  a  constituent  of  everj*  physical  phenomenon,  that 
is,  every  phenomenon  which  belongs  to  the  field  of  mechanics, 
physics,  and  chemistry.  In  other  words. one  can  perfectly  character- 
ize ever>'  physical  event  by  indicating  what  amounts  and  kinds  of 
energy  have  been  present  in  it  and  into  what  energies  they  have 
been  transformed.  Accordingly,  it  is  logical  to  designate  the  so- 
called  physical  phenomena  as  energetical. 

That  such  a  conception  is  possible  is  now  generally  admitted. 
On  the  other  hand,  its  expediency  is  frequently  questioned,  and  there 
is  at  present  so  much  the  more  reason  for  thiii  because  a  thorough 
presentation  of  the  physical  sciences  in  the  energetical  sense  has  not 
yet  been  made.  If  one  applies  to  this  question  the  criterion  of  the 
scientific  system  given  above,  the  completeness  of  the  correspondence 
between  the  representing  manifold  and  that  to  be  represented,  there 
is  no  doubt  that  all  pre\ious  8«tcmatixations  in  the  form  of  hypo- 
theaes  which  have  been  tried  in  these  aciencea  are  defective  in  this 
respect.  Formerly,  for  the  purpose  of  representing  experiences, 
manifolds  whose  character  corresponded  to  the  character  of  the 
manifold  to  be  represented  only  in  certain  ftalient  pointa  wirhoui 
consideration  of  any  rigid  agreement,  indeed,  even  without  definite 
qiuation  as  to  such  an  agreement,  have  been  employed. 
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The  encrgeliral  conception  admits  of  that  dcfinitcness  of  reprcaen* 
tAtion  which  the  condition  of  science  demands  and  renders  possible. 
For  each  special  manifold  character  of  the  field  a  special  kind  of 
energy  presents  itself:  science  has  long  distinguished  mechanical, 
electric,  thermal,  chemical,  etc.,  energies.  All  of  these  different 
kinds  hold  together  by  the  law  of  transformation  with  the  mainten- 
ance of  the  quantitative  amount,  and  in  so  far  are  united.  On  the 
other  hand,  it  has  been  possible  to  fix  upon  the  corresponding  ener- 
geiicai  expression  for  every  empirically  discovered  manifold.  As  a 
future  system  of  imited  energetics,  we  have  then  a  table  of  possible 
manifolds  of  wbicK  energy  is  capable.  In  this  we  must  keep  in  mind 
the  fact  that,  Id  accordance  with  the  law  of  the  conservation,  energy 
ia  a  necessarily  positive  quantity  which  also  is  furnished  with  the 
propert)'  of  unlimited  possibihty  of  addition;  therefore,  every  par- 
ticular kind  of  enei^y  must  have  thb  character. 

The  ver>*  small  manifold  which  seems  to  lack  this  condition  is 
much  widened  by  the  fact  that  every  kind  of  energy  can  be  separ- 
ated into  two  factors,  which  are  only  subject  to  the  limitation  that 
their  product,  the  ene^y,  fulfills  the  conditions  mentioned  while 
they  themselves  are  much  freer.  For  example,  one  factor  of  a  kind  of 
energ>'  can  become  negative  as  well  as  positive;  it  is  only  necessary 
that  at  the  same  time  the  other  factor  should  become  negative, 
viz.,  positive. 

Thus  it  seems  possible  to  make  a  table  of  all  possible  forms  of 
energy,  by  attributing  all  thinkable  manifold  characteristics  to  the 
factors  of  the  energy  and  then  combining  them  by  pairs  and  cutting 
out  those  products  which  do  not  fulfill  the  above-mentioned  con- 
ditions. For  a  number  of  years  I  have  tried  from  time  to  time  to 
carry  out  this  programme,  but  I  have  not  yet  got  far  enough  to 
justify  publication  of  the  results  obtained. 

If  we  turn  to  the  biological  sciences,  in  them  the  phenomenon  of  Ufe 
appears  to  us  as  new.  If  we  stick  to  the  observed  facts,  keeping  our- 
selves free  from  all  hj'polheses.  we  observe  as  the  general  characteris- 
tics of  the  phenomena  of  life  the  continuous  stream  of  energy  which 
courses  through  a  relatively  constant  structure.  Change  of  8ul>stance 
is  only  a  part,  although  a  very  important  part,  of  this  stream.  Espe- 
cially in  plants  we  can  observe  at  first  hand  the  great  importance  of 
energy  in  its  most  incorporeal  form,  the  sun's  rays.  Along  with  this, 
9eIf-preser\'ation  and  development  and  reproduction,  the  begetting 
of  offspring  of  like  nature,  are  characteristic.  All  of  these  properties 
must  be  present  in  order  that  an  organism  may  come  into  existence; 
they  must  also  be  present  if  the  reflecting  man  is  to  be  able  by 
repeated  experience  to  form  a  concept  of  any  dcBoite  organism, 
whether  of  a  Hon  or  of  a  mushroom.  Other  organisms  are  met  with 
which  do  not  fulfill  these  conditions;  on  account  of  their  rarity,  how- 
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ever,  they  do  not  lead  to  ft  species  concept,  but  are  excluded  from 
scientific  consideration  (except  for  special  purposes)  as  defonniUa  or 
monsters. 

While  organisms  usually  work  ■nith  kinds  of  energy  which  we  know 
well  from  the  inorganic  world)  organs  are  found  in  the  higher  fonnfi 
which  without  doubt  cause  or  as^i  transfers  of  ener;gy,  but  wc 
cannot  yet  say  definitely  what  particular  kind  of  energy  is  active  in 
them.  These  organs  are  called  ncr%*C8,  and  their  function  is  regularly 
that,  flft'Cr  certain  forms  of  energy  have  act*d  upon  one  end  of  them, 
they  should  act  at  the  other  end  and  release  the  enei^es  stored  up 
there  which  then  act  in  their  special  manner.  That  energetical 
transformations  atao  take  place  in  the  nerve  during  the  process  of 
nervous  transmLssion  can  be  looked  upon  as  demonstrated.  Wc 
shall  thus  be  justified  in  speaking  of  a  nerve  energy,  while  leaving  it 
imdecidwl  whether  there  is  here  nn  energy  of  a  particular  kind,  or 
perhaps  chemical  energy,  or  finally  a  combination  of  several  energies. 

While  these  processes  can  be  shown  objectively  by  the  stimulation 
of  Ibc  nerve  and  its  concsponding  rcleaang  reaction  in  the  end 
apparatus  (for  instance,  a  muscle),  we  find  in  ourselves,  connected 
with  certain  ner\'oua  processes,  a  phenomenon  of  a  new  sort  whi<^ 
we  call  self-consciousness.  From  the  agreement  of  our  reactions 
with  those  of  other  people  we  conclude  with  scientific  probability 
that  they  also  have  self-eonsciousness;  and  we  are  justified  in  making 
the  same  conclusion  with  regard  to  some  higher  animals.  How  far 
down  something  similar  to  this  is  present  cannot  be  determined  by 
the  means  at  hand,  since  the  analogy  of  organization  and  of  behavior 
diminishes  very  quickly;  but  the  line  is  probably  not  very  long,  in 
view  of  the  great  leap  from  man  to  animal.  Moreover,  there  are  many 
reasons  for  the  view  that  the  gray  cortical  substance  in  the  brain, 
with  its  rhamcteristic  pyramidal  cell,  is  the  anatomical  substratum 
of  this  kind  of  nervous  activity. 

The  study  of  the  processes  of  self-consciousness  constitutes  the  chief 
task  of  psychology.  To  thisscience  belong  those  fieJds  which  are  gener- 
ally allotted  to  philosophy  .especially  logic  and  epistemology,  while  att- 
thetics,  and  stilt  more  ethics,  are  to  be  reckone<l  with  the  social  soienoea. 

The  latter  have  to  do  with  living  beincB  in  so  far  as  they  oaa  be 
united  in  groups  with  common  functions.  Here  in  place  of  the  indi- 
vidual mind  appears  a  collective  mind,  which  owing  to  the  adjust- 
ment of  the  differonct*  of  the  members  of  socriety  shows  simpler 
conditions  than  that.  From  this  eomes  especially  the  task  of  the 
historical  sciences.  The  happenings  in  the  world  accessible  to  us  are 
conditioned  partly  by  physical,  partly  by  psychological  faoton,  ftod 
both  show  a  temporal  mutability  in  one  direction.  Thus  aifees  on 
the  one  hand  a  history  of  heaven  and  earth,  on  the  other  hand  a 
history'  of  orgaaisms  up  to  man. 
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AU  history  haa  primarily  the  task  of  fixing  p&Bt  events  through  the 
effects  which  have  remained  from  them.  Where  euch  are  not  accee»- 
ible,  only  analogy  is  left,  a  very  doubtful  means  fur  gaining  a  concep- 
tion of  those  events.  But  it  must  be  kept  in  mind  that  an  event  which 
has  left  no  evident  traces  has  no  sort  of  interest  for  us,  for  our  interest 
is  directly  proportional  to  the  amount  of  change  which  that  event  has 
caused  in  what  we  have  before  us.    The  task  of  historical  science  is 

St  as  little  exhausted,  however,  with  the  fixing  of  former  events 
!,  for  instance,  the  task  of  physics  with  the  establishment  of  a  single 
fact,  as  the  temperature  of  a  given  place  at  a  given  time.  Rather  the 
individual  facts  must  sen-c  to  bring  oxit  the  general  characteristics  of 
the  collective  mind,  and  the  much-discussed  historical  law»  are  laws 
of  collective  psychology.  Just  as  physical  and  chemical  laws  are 
deduced  in  order  with  their  help  to  predict  the  course  of  future  phys- 
ical events  {to  be  called  forth  eilhcrexperimentftlly  or  technically),  so 
should  the  historical  laws  contribute  to  the  formation  and  control  of 
social  and  political  development.  We  see  that  the  great  statesmen  of 
all  time  have  eagerly  studied  history  for  this  purpose,  and  from  that 
we  derive  the  ajwurance  that  there  are  historical  laws  in  spite  of  the 
objection.s  of  numerous  scholars. 

After  this  brief  survey,  if  we  look  back  over  the  road  we  have  come, 
weobser\'e  the  following  general  facts.  In  CTi-ery  ca.se  therfevelopment 
of  a  science  consi-sts  in  the  formation  of  concepts  by  certain  abstrac- 
tions from  experience,  and  setting  of  these  concepts  in  relation  with 
each  other  so  that  a  systematical  control  of  certain  sides  of  our 
experience  is  made  possible.  These  relations,  according  to  their  gener- 
ality and  reliability,  arc  called  rules  or  laws.  A  law  is  the  more 
important  the  more  it  definitely  expresses  concerning  the  greatest 
possible  number  of  things,  and  the  more  accurately,  therefore,  it  en- 
eblesus  to  predict  the  future.  Ever>'  law  rests  upon  an  incomplete  in- 
duction, and  is  therefore  subject  to  modification  by  experience.  From 
this  there  results  a  double  process  in  the  development  of  science. 

First,  the  actual  conditions  arc  investigated  to  find  out  whether,  be- 
sides those  already  known,  new  rules  or  laws,  that  is,  constant  relations 
between  indi\'idual  peculiarities,  cannot  be  discovered  between  them. 
This  is  the  inductive  process,  and  the  induction  is  always  an  incom- 
plete one  on  account  of  the  limillessneaa  of  all  possible  experience. 

Immediately  the  relationship  found  inductively  is  applied  to  cases 
which  have  not  yet  been  investigated.  Kspecially  such  cases  are 
investigated  us  result  from  a  combination  of  several  inductive  laws. 
If  these  are  perfectly  certain,  and  the  combination  is  also  properly 
made,  the  result  has  claim  to  unconditional  validity.  This  is  the 
limit  which  all  sciences  are  striving  to  reach.  It  has  almost  been 
reached  in  the  simpler  sciences;  in  mathematics  and  in  certain  parts 
of  mechanics.   This  ia  called  the  deductive  proceas. 
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In  the  actual  working  of  every  science  the  two  methods  of  investiga- 
tion are  continually  changing.  Tlie  be-st  nicana  of  finding  new  success- 
ful inductions  is  in  the  rnakJng  of  a  deduction  on  a  very  insufficient 
basis,  perhaps,  and  subsequently  testing  it  in  experience.  Sometimes 
the  elements  of  iiiij  deductions  do  not  come  into  the  investigator's 
consciousness;  in  such  cases  we  speak  of  scientific  instinct.  On  the 
other  hand  we  have  much  evidence  from  great  mathematicians  that 
they  were  accustomed  to  find  their  general  Jan's  by  the  method  of 
induction,  by  trying  and  considering  single  cases;  and  that  the 
deductive  derivation  from  other  known  laws  is  an  independent 
operation  which  sometimes  docs  not  succeed  until  much  later.  Indeed 
there  is  to-day  a  number  of  mathematical  propositions  which  have 
not  yet  reached  the  second  stage  and  therefore  have  at  prewnt  a 
purely  inductive  empirical  character.  The  proportion  of  such  laws  in 
science  increases  very  quickly  with  the  riw.  in  the  scale  (page  S39). 

Another  peculiarity  which  may  be  mentioned  here  is  that  in  the 
scale  all  previous  sciences  have  the  character  of  applied  sciences 
(page  341)  with  reference  to  those  which  follow,  since  they  are  every- 
where necessary  in  the  technique  of  the  latter,  yet  do  not  aerve  to 
increaw'  their  own  field  but  are  merely  auxiliaries  to  the  latter. 

If  we  ask  finally  what  influence  upon  the  sliaping  of  the  future  such 
investigations  as  those  which  have  been  sketche^l  in  outline  aboA^e 
can  have,  the  following  can  be  said.  Up  till  now  it  has  l>eon  considered 
a  completely  uncontrollable  event  whether  and  whore  a  great  and 
influential  man  of  science  has  developed.  It  is  obvious  that  such  a 
■nan  is  among  the  most  costly  treasures  which  a  people  (and.  indeed, 
humanity)  can  possess.  The  conseioua  and  regular  breeding  of  such 
rarities  has  not  been  considered  possible.  While  this  ia  still  the  case 
for  the  verj-  exceptional  genius,  we  see  in  the  countries  of  the  older 
civilization,  especially  in  Germany  at  present,  a  system  of  education 
in  vogue  in  the  univereities  by  which  a  regidar  han-est  of  young 
scientific  men  is  gained  who  not  only  have  a  mastery  of  knowledge 
handed  down,  but  alHo  of  the  technique  of  discovery.  Thereby  the 
gron'th  of  science  is  made  certain  and  regular,  and  its  pursuit  is 
raised  to  a  higher  plane.  These  results  were  formerly  attained  chiefly 
by  empirically  ami  oftentimes  by  accidental  proceaBce.  It  is  a  task  of 
scientifie  theory  to  make  this  activity  also  regular  and  si,-stematjc,  so 
that  success  is  no  mure  dependent  solely  upon  a  special  capacity  for 
the  founding  of  a  "school "  but  can  also  be  attained  by  leas  original 
minds.  Uy  the  maslcrj'  of  methods  the  way  to  considerably  higher 
performances  than  he  could  otherwise  attain  will  be  open  for  the 
exceptionally  gifte<l. 
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We  Kave  learned  to  rt^ard  the  real,  which  we  endeavor  to  appre- 
hend srientificaUy  in  universally  valid  judgments,  as  a  whole  tliat  is 
conDected^ontinuo\ia1y  in  tim«  and  in  space  and  by  causation,  and 
that  is  accordingly  continuously  delf-evolving.  This  continuity  o£ 
connection  has  the  following  rf-auU.  namely, every  attempt  (o  classify 
the  sum  totaiof  the  sciences  on  the  basis  of  the  dilteronce  of  their 
objecU  leads  merely  to  representative  types,  that  is,  to  species  which 
glide  into  one  another.  We  find  no  gaps  by  means  of  which  we  can 
separate  sharply  physics  and  chemistry,  botany  and  zoology,  political 
and  economic  history  and  the  histories  of  art  and  religion,  or,  agaiu, 
history,  philology,  and  the  study  of  the  prehistoric. 

As  are  the  objects,  so  also  are  the  methods  of  science.  They  are 
separable  one  from  another  only  through  a  division  into  represent- 
ative types;  for  the  variety  of  these  methods  is  dependent  upon  the 
variety  of  the  objects  of  our  knowledge,  and  is.  at  the  same  time, 
determined  by  the  difference  between  the  manifold  forms  of  our 
thought,  itself  a  part  of  the  real, with  its  elements  also  gliding  into 
one  another.' 

The  threads  which  join  the  general  methodology  of  acientifio 
tiiought  with  neighlxjring  fields  of  knowledge  run  in  two  main  direc- 
tion!. In  the  one  direction  they  make  up  a  closely  packed  cable, 
whereas  in  the  other  their  course  diverges  into  all  the  dinrtenuons 
of  scientific  thought.  That  \a  tn  i^ay. first,  methodology  has  its  roote 
in  logic,  in  the  nflrrnwerflen.««^,  namely,  in  the  seiencc  of  the  element- 
ary forms  of  our  thought  which  enter  iiitn  the  make-up  of  all  scien- 
Ufic  methndfl.  Secondly,  methodology  has  its  source  in  the  methods 
thenuelves  which  actually,  and  therefore  technically,  develop  in  the 

'  Cf.  tb*  author's  "Theorie  der  Tvpencinteiluiigen."  PhUwKtphtKhe  \tonat~ 
wktftt,  voL  XXX,  Berlin,  1804. 
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various  lields  of  our  knowledge  r>ut  of  the  problems  peculiar  to  thoee 
fields. 

It  is  the  ofGce  of  scientitic  thought  Co  interpret  validly  the  objects 
tiiat  are  pn<8ente<l  to  us  in  outer  and  inner  perception,  and  that 
can  be  derived  from  both  those  sources.  We  accomplish  this  inter- 
pretation entirely  through  judgments  and  combinations  of  judgmenta 
of  manifold  sorts.  The  concepts,  which  the  older  logic  regarded  as 
the  true  elementary  forms  of  our  thinking,  are  only  certain  selected 
types  of  judgment,  surh  stereot>'pcd  judgments  as  those  which 
make  up  definitions  and  clnssifications,  and  which  appear  indcpend* 
ent  and  fundamental  because  their  subject-matter,  that  is,  their 
intension  or  extension,  is  connected  through  the  act  of  naming  with 
certain  words.  Scientific  methods,  then,  are  the  ways  and  means 
by  which  our  thought  can  aceomplish  and  set  forth,  in  accordance 
with  its  ideal,  this  universally  valid  interpretation. 

There  belongs,  accordingly,  to  methodology  a  list  of  problemfl 
which  we  can  divide,  to  he  sure  only  tn  abntracto,  into  three  separ- 
ate groups.  First,  methodologj*  has  to  analyze  the  mpthods  which 
ha\*e  been  t4?chnicn!!y  developed  in  the  different  fields  of  knowledge 
into  the  elementary  forms  of  our  thinking  from  which  they  havp 
been  built  up.  Next  to  this  work  of  analyang,  there  comes  a  <tecon<l 
task  which  may  be  called  a  normative  one;  for  it  follows  that  wr 
must  set  forth  and  deduce  aystemntically  from  their  sources  thp 
nature  of  these  manifold  elements,  their  resulting  connection,  and 
their  validity.  To  these  two  offiees  must  be  added  a  third  that  we 
may  call  a  potion  a  synthttic  one;  for  finally  wo  must  reconstruct  out 
of  the  elements  of  our  thinking,  as  revealed  by  analysis,  the  methods 
belonging  to  the  different  fields  of  knowledge  and  also  determine 
their  different  scope  and  validity. 

The  beginning  of  another  conception  of  the  office  of  methodoir 
can  he  found  in  those  thoughts  which  have  become  significant, 
especially  in  Leibnitz's  fragments  and  drafts  of  a  ixiicitlua  ratiocinator 
or  a  «pto'«use  giniToU.  The  foregoing  discussion  has  set  aside  oU 
hope  that  these  beginnings  and  their  recent  development  may  give. 
of  the  possibility  of  constructing  the  manifold  possible  methods  a 
pnori,  that  is,  before  or  independent  of  experience.  However,  it 
remains  entirely  undecided,  as  it  should  in  this  our  preliminary 
account  of  the  office  of  general  methodology-,  whether  or  not  all 
methods  of  our  seienttfic  thought  will  prove  to  be  ultimately  but 
branches  of  one  and  the  same  imiversal  method,  a  thoueht  contained 
in  the  undertakings  just  rrferred  to.  Although  modern  enipiriciem, 
affiliated  aa  it  la  with  natural  science,  tenda  to  answer  this  question 
in  the  affirmfttive  even  more  definitely  and  Hogmafically  than  any 
type  of  the  older  rationalism,  still  the  quration  is  one  that  can  he 
decided  only  in  the  couiao  of  methodological  research. 
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The  conception  of  a  niethodulogy  of  Bcientific  thought  oaa  be 
said  to  be  aliQDBt  as  old  as  scientific  thought  iLscIf;  for  it  is  already 
coutaiiMM]  essentially,  though  undifferentiated,  in  the  Socratio 
challenge  of  knowledge.  None  the  leas,  the  history  of  methodology, 
as  the  history  of  every  other  science,  went  through  the  course  of 
which  Kant  has  given  a  classical  description.  "No  one  atusmpts 
to  construct  a  science  unless  he  can  base  it  on  some  idea;  but  in  the 
elaboration  of  it  ihc  schema,  nay,  even  the  definition  which  ho  gives 
in  the  iM^inning  of  his  Hoience,  corresponds  vtay  scldotn  to  his  idea, 
which,  like  a  germ,  lies  hidden  in  the  reason,  and  all  the  parts  of 
which  arc  stilJ  enveloped  anif  hardly  distinguishable  even  under 
microscopical  observation."  ' 

We  are  indebted  to  the  Greek,  and  especially  ta  the  Platonic- 
Aiistotclian  pliilosophy  for  important  contributions  to  the  under- 
standing of  the  deductive  method  of  mathematical  thought.  It 
was  precisely  this  trend  of  philosophic  endeavor  which,  though 
furnishing  for  the  most  part  the  foundation  of  methodological 
doctrine  well  on  into  the  seventeenth  centmy,  offered  no  means 
of  differentiating  the  methods  that  are  authoritative  for  our  know- 
ledge of  facts.  What  Socrates  was  perhaps  the  first  to  call  "induc- 
tion," is  essentially  different,  as  regards  its  source  and  aim,  from  the 
inductive  methods  that  direct  our  research  in  natural  and  mental 
science.  For  it  is  into  these  t*Kti  fields  that  we  have  to  divide  the 
totality  of  the  sciences  of  fucts,  the  material  sciences,  let  us  call 
them,  in  opposition  to  the  formal  or  mathematical  sciences,  —  that 
is,  if  we  arc  to  do  justice  to  the  difference  between  sense  and  self- 
perception,  or  "outer"  and  "inner"  perception. 

Two  closely  connected  forces  especially  led  astray  the  mcthodo- 
logjoal  opinions  regarding  the  material  sciences  till  the  end  of  the 
eighteenth  century,  and  in  part  until  the  beginning  of  the  nineteenth 
century.  We  refer,  in  the  first  place,  to  that  direction  of  thought 
which  gives  us  the  right  to  characterize  the  Platonic- Aristotelian 
philosophy  as  a  "  concept  ptiilosophy;"  namely,  the  circumstance 
that  Aristotelian  logic  caused  the  "concept"  to  be  set  before  the 
"judgment."  In  short,  we  refer  to  that  tendency  in  thought  which 
directs  the  attention  not  to  the  permanent  in  the  world's  occurrences. 
the  imifomi  connections  of  events.'^but  rather  to  the  secmingjy  per- 
manent in  the  things,  their  essential  attributes  or  essences.  Thus 
the  concept  philosophy,  as  a  result  of  its  tendency  to  hypostasize, 
finds  in  the  abstract  general  concepts  of  things,  the  ideas,  the  eternal 
absolute  reality  that  constitutes  the  foundation  of  things  and  is 
contained  in  them  beside  the  accidental  and  changing  properties.' 

»  Ksnt.  Kr.  d.  r.  V..  2d  «i..  p.  8C2. 

*  Acrnnlinfito  P1kto.it  is  tniA.tboidrassrrsrnnratrd  from  ChrseiwiUcthinp: 
ihey  imtitt  It  lliought  in  a  conceptUBl  |>Uc«,  for  Uw  npaaa  of  aen«a-pBroei)ttoD  is  to 


S56 


METHODOLOGY  OF  SCIENCE 


Hfre  we  have  at  once  the  second  fnrce  which  inspired  the  ancient 
methodology.  These  ideas,  like  the  fundamentally  real,  constitut* 
that  which  ultimately  alone  acts  in  all  the  coming  into  existence 
and  the  going  out  of  existence  of  thi*  manifold  things.  In  the  Axi«- 
totelian  theory  of  causation,  this  thought  is  made  a  principle;  and 
we  formulate  only  what  is  contained  in  it,  when  we  say  that,  accord- 
ing  to  it,  the  ctfiricnt  and  at  the  same  ttmp  final  causes  can  be 
deduced  through  mere  analysis  from  the  essential  content  of  the 
cfTeeLs;  that,  in  fact,  the  possible  eftocta  of  every  cause  can  be  de- 
duced  from  the  content  of  its  definition.  The  conceptual  determina- 
tion of  the  causal  relation,  and  nith  it  in  principle  the  sum  total  of 
the  mothods  in  the  material  sciences,  becomes  a  logical,  anal}*tical. 
and  deductive  one.  These  sciences  remain  entirely  independent  of 
the  particular  content  of  experience  ae  this  broadens,  and  so  do  also 
the  methods  under  discusfflon. 

As  a  consequence,  every  essential  differcnee  between  mathemat- 
ical thought  and  the  science  of  causes  is  done  away  \iilh  in  favor 
of  a  rationalistic  constniction  of  the  methods  of  material  science. 
Accordingly,  throughout  the  seventeenth  century,  the  ideal  of  all 
scictitific  method  beromes,  not  the  inductive  method  that  founded 
the  new  epoch  of  the  science  of  to^ay,  but  the  deductive  math- 
ematical nietlKKl  applied  to  n»tural  seicntilic  resi-arch.  The  flourish 
of  trumpets  with  which  Fnmcis  Uacon  hailed  the  onslaught  of  the 
inductive  methods  in  the  natural  science  of  the  time,  helped  in  no 
way;  for  he  failed  to  remodel  the  traditional,  Aristotelinn->Schulastic 
conception  of  cause,  and,  accordingly,  failed  to  understand  both 
the  problem  of  induction  and  the  meaning  of  the  inductive  methodlB 
of  the  day.'  DeseArt4)e,  Hobhes,  KpinoKa.  and  n-lated  thintters 
develop  their  moVims  univfr»nii»  after  Uic  pattern  of  geometrical 
thinking.  I>eihnifx  tries  to  adapt  hia  np^drusc  g^n^raie  to  the  thought 
of  mathemaiirnl  analysis.  The  old  methodolngicnl  conviction  gains 
its  clear-cut  exprcKsion  in  Spinona'a  [i(»ctrine:  "  Ali<juid  efficUur  ab 
atitfua  re"  moans  "  oUfutd  seqmtur  ex  ejua  definitione." 

The  logically  slraight  path  is  seldom  the  one  taken  in  the  course 
of  tho  hialory  of  thouj^ht.  The  new  formulation  and  solution  of 
pmblems  influence  ua  first  thmugh  thrar  evident  signiBcanoe  Knd 
eonspqxiencea,  not  through  the  traditional  preeuppoaiiiona  upon 
which  they  are  founded.  TTius,  in  the  middle  of  the  seventeenth 
century,  when  insight  into  the  prooiae  difference  between  meat*! 
and  physical  events  gave  rise  to  pressing  need  for  its  definite  formu- 
lation, no  question  arose  concerning  the  do^atic  presupposition 

h*  ntiderrtood  u  non-bt>ing,  mitier.  Thv  thiiiR*  rwiMlNl  to  mmim,  l)nv«-<rnr, 
DTCupv  a  middln  pontic  n  between  bratig  aod  noa-bung,  m  that  they  pttrtoktt  o( 
t)w  r-4'fu.  In  tJii*  •»!;»».  tbe  MatMnent  mad» above  turw  aW>  of  tn«  oltkr  vt«w 
nf  the  cononpt  philovopliV- 

'  Cf.  the  artlelM  cm  Fnumii  Bmoa  by  Gxr.  Sigwart  In  the  PnuatUehe  Jakr- 
bocher,  xa,  IWO,  aad  xtn.  1644. 
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of  a  purely  logical  ianalylisck)  relationship  between  cause  and  effect; 
but,  on  the  coDlrary,  tliis  presupposition  was  then  (or  the  first  time 
brought  clearly  before  consciousness.  It  was  necessary  to  take  the 
roundabout  way  through  occasionalism  and  the  preestablished 
harmony,  including  the  latter's  retreat  to  the  omnipotence  of  God, 
before  it  w-as  possible  to  raise  the  qxjeation  of  the  validity  of  the 
presupposition  that  the  connection  between  cause  and  effect  is 
analytic  and  rational. 

Ajuong  the  leading  thinkers  of  the  period  this  problem  was  re- 
cognized as  the  cardinal  problem  of  contemporaneous  philosophy.  It 
ia  further  evideuce  how  thoroughly  establishtxl  thin  problem  must 
have  bevD  among  the  more  deeply  conceived  preiblcmii  of  the  time 
in  the  middle  of  the  eighteenth  century,  that  Hume  and  Kant  were 
forc<>d  to  face  it,  led  on,  seemingly  independently  of  each  other, 
and  surely  from  quite  different  presuppositions  and  along  entirely 
different  ways.  Tlte  historical  evolution  of  thai  which  from  the 
beginning  has  seemed  to  philosophy  the  solving  of  her  true  problem 
baa  eome  to  pass  in  a  way  not  esseDtially  different  from  that  of  the 
historical  evolution  in  all  other  departments  of  human  knowledge. 
Thus,  in  the  last  third  of  llie  seventeenth  century,  Wwton  and 
Leibnitz  succeeded  in  setting  forth  the  elements  of  the  in6nitesimal 
caleulus;  and,  in  the  fifth  decade  of  the  mneteentb  century,  Robert 
Mayer.  Helmholtz,  and  perhaps  Joule,  formulated  the  law  of  the 
conser\-atioQ  of  energy.  In  one  essential  respect  Hume  and  Kant 
are  agreed  in  the  solution  of  the  new,  and  hence  contemporaneously 
roasunderstnod .  problent.  Both  realised  that  the  connection  be- 
tween the  various  causes  and  effects  is  not  a  rational  analytic,  but 
an  empirical  synthetic  one.  However,  the  difference  in  their  presup- 
poaitiona  aa  well  as  method  caused  this  common  rei^ult  to  nmke  its 
appearance  in  very  different  light  and  surroundings.  In  Hume's 
empiricism  the  connection  between  caiii^  and  effect  appoani  an  the 
mere  en^pirical  result  of  association;  whereas  in  ICant's  rationalism 
this  geiifral  relation  between  cause  anil  effect  beci^mos  the  funda- 
mental condition  of  all  possible  experience,  and  is,  oa  a  conse- 
quence, independent  of  all  experience.  It  rests,  as  a  means  of 
connecting  our  ideas,  upon  an  inborn  uniformity  of  onr  thought. 

Thus  the  way  was  opened  for  a  fundamental  separation  of  the 
inductive  material  scientific  from  the  deductive  mathematical 
method.  For  Hume  mathemoiica  becomes  the  science  of  the  rela- 
tions of  ideas,  as  opposed  to  the  sciences  of  facts.  For  Kant  philo- 
sophical knowledge  is  the  knowledge  of  the  reason  arising  from 
eonceptfl,  whereas  the  mathemntical  is  that  arising  from  the  con- 
atructdon  of  concepts.  The  former,  therefore,  studies  the  particular 
only  in  the  universal;  the  latter,  the  universal  in  the  particular, 
nay,  rather  in  the  individual. 
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Both  solulionti  of  the  new  problem  which  in  the  eighteenth  cen- 
tun-  supplant  the  old  and  seemingly  self-evident  presuppositiop, 
appear  accordingly  embedded  in  the  opposition  between  the  ration- 
alistic and  empiristic  interpretAtion  of  the  origin  and  validity  of  our 
knowledge,  the  same  oppoailion  that  from  antiquity  runs  through 
the  historical  development  of  philosophy  in  ever  new  digressions. 

Even  to-<lay  the  question  regarding  the  meaning  and  the  validity 
of  the  causal  connection  stands  between  these  contrary  directions 
of  epistemological  research;  and  the  ways  leading  to  it«  answer 
separate  more  sharply  than  ever  before.  It  is  therefore  more  pres»* 
ing  in  our  day  than  it  was  in  earlier  times  to  find  a  basis  upon  which 
we  may  build  further  epiatemologically  and  therefore  methodologic- 
ally. Ilic  purpose  of  the  present  paper  is  to  seek  such  a  basis  for  the 
different  methods  employed  in  the  sciences  of  facts. 


As  has  already  been  said,  the  contents  of  our  consciousness,  which 
are  pven  us  immediately  in  outer  and  inner  perception,  constitute 
the  raw  material  of  the  sciences  of  facts.  From  these  varions  facts 
of  perception  we  derive  the  judgments  through  which  we  predict, 
guide,  and  shape  our  future  prrc<>pti(in  in  the  course  of  posrible 
experience.  These  judgments  exist  in  the  form  of  reproductive 
ideational  processes,  which,  if  logically  explicit,  become  induetivg 
inferenca  in  the  broader  sense.  These  inferences  may  be  said  to  be 
of  two  sorts,  though  fundamentally  only  two  sides  of  one  and  the 
same  process  of  thought;  they  are  tn  part  analogical  inferences  and 
in  part  inductive  injntnces  in  the  narrovrr  scnst.  The  former  infers 
front  the  particular  in  a  pres«?nt  perreption,  irAtcA  in  prrriou»  ptr- 
ttptiona  wo*  unifomtly  connected  teiih  other  partiailar  eontnUt  of 
percfption,  to  a  particular  that  resembles  Ihoae  other  content*  of  per- 
ception. In  short,  they  arc  inferences  from  a  particular  to  a  particular. 
After  the  nunner  of  such  inferences  we  logically  formulate,  for 
example,  the  reproductive  processes,  whose  ronchwionji  run:  "This 
man  whom  I  see  before  me,  is  attentive,  feels  pain,  will  die;*'  "  this 
meteor  will  prove  to  have  a  chemical  composition  similar  to  known 
meteors,  and  al.io  to  have  corresponding  changes  on  its  surface  as 
the  result  of  its  rapid  passage  through  our  atmosphere."  The  induct- 
ive inferences  in  the  narrower  senac  argue,  on  the  contrary,  from 
the  perceptions  of  a  series  of  uniform  phenomena  to  a  universal, 
which  includes  the  given  and  likewise  all  possible  cases,  in  which 
a  member  of  the  particular  content  of  the  earlier  perceptions  a 
presupposed  as  given.  In  short,  they  are  conclusions  frtim  a  partic- 
ular to  a  ttnivennal  that  is  more  extensive  than  the  sum  of  the  given 
parlioulars.  For  example:  "All  men  have  minda,  will  die;"  "all 
meteoric  stones  will  prove  to  have  this  chemical  eompasition  and 
those  ohangce  of  surface." 
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There  18  no  controversy  regarding  the  inner  similarity  of  both 
these  types  of  inference  or  regarding  their  outward  structure;  or, 
again,  regarding  their  outward  difference  from  the  deductive  in- 
ferences, which  proceed  not  from  a  particular  to  a  particular  or 
general,  but  from  a  general  to  a  particular. 

There  is,  however,  difference  of  opinion  regarding  their  inner 
structure  and  their  inner  relation  to  the  deductive  inferences.  Both 
questions  depend  upon  the  decision  regarding  the  meaning  and 
validity  of  the  causal  relation.  The  cont-ending  parties  are  recruited 
essentially  from  the  positions  of  traditional  empiricism  atid  ration- 
alism and  from  their  modem  offshoots. 

We  maintain  first  of  all: 

t.  The  pretupptmtion.  of  all  inductive  inferences,  from  now  on 
to  he  taken  in  their  more  general  sense,  is,  that  the  contents  of 
perception  are  given  to  us  uniformly  in  repeated  perceptions,  that  is, 
in  uniform  componenta  and  uniform  relations. 

2.  The  condiiion  of  the  validity  of  the  inductive  inferences  lies 
in  the  thoughts  that  Vie  aame  mimca  vnit  he  present  in  the  unohserved 
realities  as  tn  the  observed  ones,  and  that  these  same  catuiea  tciU  bring 
forth  the  same  effects. 

3.  The  coruiuaionit  of  all  inductive  inferences  have,  logically 
speaking,  purely  probltrmatie  validity,  that  is,  their  contradictory 
opposite  remains  equally  thinkable.  They  are,  accurately  expressed, 
merely  hypotheses,  whose  validity  needs  verification  through  future 
experience. 

The  first-mentioned  presupposition  of  inductive  inference  must  not 
be  misunderstood.  The  panuiox  that  nothing  really  repeats  itself, 
th&t  each  stage  in  nature's  process  comoa  but  once,  is  jtist  as  much 
.mnd  just  as  little  justified  as  the  assertion,  everything  has  already 
«dst«d.  It  docs  not  deny  the  fact  that  we  can  discriminate  in  the 
contents  of  our  perceptions  the  uniformities  of  their  components 
and  relations,  in  short,  that  similar  elements  are  present  in  these 
ever  new  complexes.  This  fact  makes  it  possible  that  our  matiifold 
perceptions  combine  to  make  up  one  continuous  experience.  Even 
our  paradox  presupposes  that  the  different  contents  of  our  percep- 
tions are  comparable  with  one  another,  and  reveal  accordingly 
some  sort  of  common  nature.  All  this  is  not  only  a  matter  of  course 
for  empiricism,  which  founds  the  whole  constitution  of  our  know- 
ledge upon  habits,  but  must  also  be  granted  by  every  rationalistic 
interpretation  of  the  stTOeture  of  knowledge.  Every  one  that  is 
well  informed  knows  that  what  we  nrdinarily  refer  to  as  facts  already 
includra  a  theor>*  rvganling  them.  Kant  judges  in  this  matter  pre- 
cisely as  Hume  did  before  him  and  Stuart  Mill  after  him.  "If  cin- 
nabar were  somelimes  red  and  8omeiimen  black,  sometimes  light  and 
eometiuicB  heavy,  if  a  man  could  be  changed  now  into  this,  now  into 
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another  animal  shape,  if  on  the  longest  day  the  Belds  were  some- 
tiniea  covered  with  fniil,  aometimea  with  ice  and  snow,  the  facultyj 
of  my  empirical  imagination  would  never  be  in  a  ixwition,  wheiij 
representing  red  color,  to  think  of  heavy  cinnabar."  ' 

The  aesumption  that  in  recurring  perceptions  similar  clemente 
of  content,  as  well  as  of  relation,  are  given,  is  a  necessary  condition 
of  the  possibility  of  experience  itself,  and  accordingly  of  all  thof 
processes  of  thought  which  lead  us,  under  the  guidance  of  previous 
perceptions,  from  the  contents  of  one  given  perception  to  the  con- 
tents of  possible  perceptions. 

A  tradition  from  Hume  down  has  accustomed  us  to  associate  the 
relation  of  cause  and  effect  not  so  much  with  the  uniformity  of  co- 
existence as  with  the  uniformitj'  of  sequence.  Let  ws  for  ihe  present 
keep  to  this  tradition.  Its  first  corollar>'  is  that  the  relation  of  cause 
and  effect  is  to  beaoujtht  in  the  uninterrupted  flow  and  connection 
of  events  and  changes.  The  cause  becomes  the  uniformly  precedini: 
event,  the  con-stant  anieccdens.  the  effect  the  uniformly  following,  the 
constant  eoiwcqucna,  in  the  course  of  the  changes  that  arc  presented 
to  consciousness  as  a  result  of  foregoing  changes  in  our  sensorium. 

According  to  thift  tradition  tliat  we  have  taken  an  our  pnint  of 
departure,  the  imiformity  of  the  se<]uence  of  events  "w  a  ncrcssari,' 
presupposition  of  the  relation  between  cause  and  effect.  This  nni- 
formity  is  given  \i»  as  an  element  of  our  experience;  for  we  actually 
find  uniform  successions  in  the  course  of  the  changing  contents  ofl 
perception.  Further,  as  all  our  perceptions  arc  in  the  first  instance 
sense-perceptions,  we  may  call  (hem  the  sensorj'  presupposition  of 
the  possibility  of  the  causal  relation. 

In  Ihi-i  prcitupposition.  however,  there  is  much  more  involved  than 
the  name  just  chosen  would  indicate.  The  uniformity  of  sequence 
lies,  OS  we  saw,  not  in  the  contents  of  pcrceptbn  as  such,  which  are 
immediately  given  to  us.  It  arises  rather  through  the  fact  that,  in 
the  course  of  repeated  perceptions,  we  apprehend  through  abstrsetian 
the  uniformities  of  their  temporal  relation.  Moreover,  there  lie  in  the 
repeated  perceptions  not  only  unifornuties  of  sequence,  but 
uniformities  of  the  qualitative  content  of  the  successive  events" 
themselves,  and  these  unifonnities  also  must  be  apprehended  through 
abstraction.  Thus  these  uniform  contents  of  perception  make  up 
series  of  the  following  form: 

o,  -♦6, 
a,  -♦  6, 


It  u 

>  Koot,  Kr.  d.  r.  V..  lit  «d..  pp.  100  L 
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The  prcBiipposition  of  the  possibility  of  the  causal  relations  in- 
cludwt.  therefore,  mure  Uiaii  mere  |)eTceplive  elements.  It  luvolvm 
the  relatiun  of  diiTerent,  if  you  uill,  uf  peculiar  couteuts  of  percep- 
tion, by  virtue  of  which  we  recognize  a,-«ii|  .  .  .  a.— »&„aa events 
that  n«<?mble  one  another  and  the  event  a,  —*  bj  qualitatively  us  well 
as  in  tlieir  sequence.  'Hiere  are  accordingly  involved  in  uur  pre«up- 
poeition  reproduetiw  dementi)  which  indicate  the  action  uf  memory. 
In  order  that  I  may  in  the  act  of  perceiving  ti^  -•  &,  apprehend  the 
uniformity  of  tliis  present  content  with  that  of  ilj  ~*  6,  and  a,  ~*  6,, 
these  earlier  perceptions  must  in  some  way,  perhaps  tliruugh  mem- 
ory.' be  revived  with  the  present  iwrreplion. 

In  this  reprotiuction  there  is  still  a  further  element,  which  eaii 
be  separated,  to  be  sure  only  in  oABfroefo,  from  the  one  just  pointiHJ 
out.  The  present  revivixl  content,  even  if  it  is  jiivon  in  memory  na 
an  independent,  mental  state,  in  ra«(*nlially  different  from  the  original 
perception.  It  differs  in  all  the  modiScations  in  which  the  memory 
of  lightning  and  thunder  could  difTer  from  the  perception  of  their 
nioceaeive  occurrence,  or.  again,  the  memory  of  a  pain  and  the  re- 
sulting disturbance  of  attention  could  differ  from  the  corresponding 
original  experience.  However,  a&  memory,  the  revived  experience 
presentB  itself  as  a  piciure  of  that  which  has  been  previously  per- 
ceived. Especially  is  this  the  case  in  memory  properly  so  called, 
where  the  peculiar  space  and  time  relations  individualize  the  revived 
experience.  ]f  we  give  to  this  identifying  clement  in  the  associative 
process  a  logical  expression,  we  shall  have  to  say  that  there  is  in- 
volved in  revival,  and  especially  in  memory,  an  awareness  that  the 
present  ideas  recall  the  same  content  that  was  previously  given  us 
in  perception.  To  be  sure,  the  ^e^ival  uf  the  content  of  previous 
perceptions  does  not  have  to  produce  ideas,  let  alone  memories. 
Rapid,  transitory,  or  habitual  revivals,  stiniulated  by  associative 
prooecses,  can  remain  unconscious,  that  is,  they  need  not  ap]K.'ar  as 
ideas  or  states  of  consciousness.  Stimulation  takes  place,  but  con- 
sciousaeHi  does  not  arise,  provided  we  mean  by  the  term  "cotuiciuut!- 
Dess"  the  genus  of  our  thoughts,  feelings,  and  volitions.  None  the 
les&  it  mubt  not  be  forgotten  that  thu>  awareness  of  the  eeaential 
identity  of  the  present  revived  content  with  that  of  the  previous 
perception  can  be  brought  about  in  every  tsuch  case  of  reproduction. 
How  all  this  takes  place  is  not  our  present  problem. 

We  can  apply  to  tliis  second  element  in  the  reproductive  process, 
which  we  have  found  to  be  essential  to  the  causal  relation,  a  Kantian 

'  It  i«  not  our  present  OODoem  t«  aac«rtain  bow  this  actuullv  hApiwns-  The 
pKyoholoKicsJ  pDvuppoaitions  of  tliv  preeent  paper  lav  conttinisi  in  ttir  (hrory  of 
rejiroductioD  that  I  navp  worked  out  in  connoctinn  Trith  th^  pe>vclii>ki|t}'  of  speech 
tn  the  iul4clcs  on  "I>ie  i»ycliolof(Ucli«D  Gnindlagfn  dor  fV-zirhiuig<-n  iwiarhon 
SprpchpK  und  IVnk«i,  dl«Air  /fir  $j/«trmaHK}w  Phitowphir,  V,  Of,  uwl  vn; 
a.  note  1,  paee  l^t. 
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tenn,  "  R«ognition."  This  terra,  however,  is  to  be  taken  only  in  the 
sense  called  for  by  the  foregoing  stfttemcnts;  for  the  rationalistic 
presuppositions  and  consequences  which  mark  Kant's  ''  Synthesis 
of  Recognition"  arc  far  rcmovcMl  from  the  present  line  of  thought. 

We  may,  then,  sum  up  our  results  as  follows:  In  the  presuppo- 
sition of  a  uniform  sequence  of  events,  which  we  have  accepted 
from  tradition  as  the  necessary  condition  of  the  possibility  of  the 
causal  relation,  there  lies  the  thought  that  the  contents  of  perception 
given  us  through  repeated  sense  stimulation  are  related  to  one 
another  through  a  reproductive  recognition. 

The  assumption  of  such  reproductive  recognition  is  not  justified 
merely  in  the  cases  so  far  considered.  It  is  already  neccssarj*  in  the 
course  of  the  individual  perceptions  a  and  b,  and  hence  in  the  appre- 
hension of  an  occurrence.  It  makes  the  sequence  itself  in  which  a 
and  b  are  joined  possible;  for  in  order  to  apprehend  b  as  following 
upon  a,  in  case  the  perception  of  a  has  not  persisted  in  its  original 
form,  a  must  be  as  far  revived  and  recognized  upon  b's  entrance  into 
the  field  of  perception  us  it  has  itself  passed  out  of  that  field.  Other- 
wise, instead  of  6  following  upon  a  and  being  related  to  a,  there 
would  be  only  the  retationle-ss  change  from  a  to  6.  This  holds  gen- 
erally and  not  merely  in  the  cases  where  the  perception  of  a  has 
disappeared  before  tliat  of  b  be^piis,  for  example,  in  the  ease  of  light- 
ning and  thunder,  or  where  it  has  in  part  disappeared,  for  example, 
in  the  throwing  of  a  stone. 

We  have  reprcsenti-d  a  as  an  event  or  change,  in  order  that  uniform 
sequences  of  events  may  alone  come  into  consideration  as  the  pr&- 
auppoaition  of  the  causal  relation.  But  every  event  haa  its  eouraa  In 
lime,  and  is  accordingly  divisible  into  many,  ultimately  into  infinitely 
many,  shorter  cvonta.  Xow  if  6  comes  only  an  infinitely  short  int«r\'al 
later  than  a,  and  by  hypothesis  it  must  come  later  than  o,  then  & 
CO rrei^ ponding  part  of  a  must  have  disapiwared  by  the  time  6  ap]>ear8. 
But  the  infinitesimal  part  of  a  perception  is  just  as  much  out  of  all 
consideration  as  would  be  an  infinitely  long  [)erccption;  all  which  only 
goes  to  show  that  we  have  to  substitute  intervals  of  finite  length  in 
place  of  this  purely  conceptual  analysts  of  a  continuous  time  inter- 
val. This  leaves  the  foregoing  disctutsion  as  it  stands.  If  b  follows  a 
after  a  perceptible  finite  inteiral,  then  the  flow  or  dDv:-lnpment 
of  a  by  the  time  of  b's  appearance  must  have  covered  a  course  cor- 
rwponding  to  that  interval;  and  all  this  is  true  even  though  the 
earlier  stages  of  a  remain  uuchanged  throughout  the  ioterval  pre- 
ceding b's  appearance.  The  present  instant  of  flow  is  distinct  from 
the  ODO  tlist  has  passed,  even  though  it  takes  place  in  precisely  the 
same  way.  The  former,  not  the  latter,  gives  the  basisof  relation  which 
is  here  required,  and  therefure  the  former  must  be  reproduced  and 
recognized.  This  thought  also  is  included  in  the  foregoing  summary 
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of  what  critical  analysia  shows  to  be  involved  in  the  presupposition 
or  a  uniform  sequence. 

In  all  this  we  have  already  abandoned  the  6eld  of  mere  perception 
which  gave  us  the  point  of  departure  for  our  analysis  of  uniform 
sequence.  We  may  call  the  changing  course  of  perception  only  in  the 
narrower  meaning  the  sensory  presuppomtion  of  the  causal  relation. 
lu  order  that  these  changing  contents  of  perception  may  be  known 
as  tike  one  another,  as  following  one  another,  and  as  following  one 
another  uniformly,  they  must  be  related  to  one  another  through  a 
recognitive  reproduction. 

Our  critical  ana]>*8i8  of  uniform  sequence  is,  however,  not  yet 
complete.  To  relate  to  one  another  the  contents  of  two  ideas  always 
requires  a  process  at  once  of  identifying  and  of  differentiating,  which 
makes  these  contents  members  of  the  relation,  and  which  accordingly 
presuppofies  that  our  attention  ha.s  been  directed  to  each  of  the  two 
membera  as  well  as  to  the  relation  itself  —  in  the  present  case,  to  the 
sequence.  Here  wc  come  to  anoUicr  essential  paint.  We  should  apply 
the  name  "thouglit"  to  every  ideational  process  in  which  attention 
is  directed  to  the  elements  of  the  mental  content  and  which  leads  us 
to  identify  with  one  another,  or  to  differentiate  from  one  another,  the 
members  of  this  content.^  The  act  of  relating,  which  knows  two 
events  as  similar,  as  foUov^ing  one  another,  indeed,  as  following  one 
another  uniformly,  is  therefore  so  far  from  being  a  sensation  that  it 
must  be  cliiimcd  to  be  an  act  of  thinking.  The  uniformity  of  sequence 
of  a  and  b  is  therefore  an  act  of  relating  on  the  part  of  our  thought, 
so  far  as  this  becomes  possible  solely  through  the  fact  that  we  at  one 
and  the  same  time  identify  with  one  another  and  differentiate  from 
one  another  a  as  cause  and  b  as  effect.  We  say  "at  one  and  the  same 
lime,"  because  the  terms  identifying  and  differentiating  are  corre- 
latives which  denote  two  different  and  opposing  sides  of  one  and  the 
same  ideational  process  viewed  logically.  .Accordingly,  there  is  here 
no  need  of  emphasizing  that  the  act  of  relating,  which  enables  us  to 
think  a  as  cause  and  b  as  effect,  is  an  act  of  thought  also,  because  it 
presuppoees  on  our  part  an  act  of  naming  which  raises  it  to  being 
a  component  of  nur  formulated  and  discursive  thought.  We  therefore 
ihijtk  a  as  cause  and  b  as  effect  in  that  we  appreheud  the  former  as 
uniform  anttcedcns  and  the  Utter  as  uniform  cxjnsequens. 


Have  we  not  the  right,  after  the  fore^ing  analysis,  to  interpret 
the  uniform  sequence  of  events  solely  as  the  necessary  preaupposi- 
tion  of  the  causal  relation?  Is  it  not  at  the  same  time  the  adequate 
presupposition?  Ves,  is  it  not  the  causal  relation  itself?  As  we 
know,  empiricism  since  Hume  has  answered  the  last  question  in  the 

*  Ct.  llie  AiiMior's  "ITmriMr  tur  PsycholMpe  dm  Deokens,"  in  PhiiotffpMadt4 
Abkandlung^n  Chr.  Sigwart  .  .  .  ynnanuf.  TQbiDc«Q,  1900. 
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aflinDfttive,  and  rationalisra  mtice  Kant  has  answered  it  ia  the  ama- 
tive. 

We,  too,  have  seemingly  followed  in  our  discuanon  the  course  of 
empiricism.  At  least,  I  find  nothing  in  that  discussion  which  u  con- 
sistent empiricist  might  not  be  willing  to  concede;  that  is,  if  be  Is 
ready  to  set  aside  the  psychological  investigation  uf  the  actual  pro- 
cesses which  we  here  presuppose  and  make  room  for  a  critical  analysis 
oE  the  content  of  the  relation  of  cause  and  effect.'    However,  the 


*  Tli«  difTorcQCo  botwreo  the  two  poiuts  of  view  can  lie  mad?  clearer  liy  an  illa»- 
trotion.  Thi>  com  that  «v  thall  analyze  i»  th«  dimd  nf  cinnine  int4)  rontaot  with 
fin}.  TIte  paydiologiciil  Kualyau  of  ttiia  caae  Ima  to  make  dear  Ui«  mftnlal  eootcnt 
of  the  druKluid  its  cause*.  Such  dread  beoomca  poasiblc  only  when  we  are  avrare 
of  the  bumini;  that  rrsiilta  from  rontoct  wiDi  fire.  We  could  have  learned  (o  be 
awatv  of  tliix  i-illirr  iiimir<liHtr'ly  throiigli  our  ova  experience.  Of  mediately 
throUf^  tin-  MMiiuiuiiiL'utitiii  of  ulliory'  cxperi'^iicc,  In  botfi  cases  it  is  a  matter  of 
one  or  rrpeated  cxpcrionwa.  In  all  caw«  the  effeela  of  earlier  fixperiencBa  ei|UBl 
noanfiatiiiii  and  imdl,  whivli,  in  turn,  rMuU  in  reoognition.  The  rMMDition 
axplaininjt  the  c&k  uadvr  discuaaoo  arivce  thus.  Tlie  present  stinuili  of  t-isutJ 
percc^ition  nrouiK  th«  retnlnnj  imprratdona  of  previous  visual  p4>rei>r>tJons  of  Ein> 
and  Kive  rise  to  the  present  perception  (appetcentioa)  bjr  fuairiK  witli  thcnn.  By 
a  pnxess  of  interweavius,  associations  are  joineti  to  this  perceiftion.  l*he  spper- 
eeptivdy  nsrived  elements  which  lie  at  the  haai»  of  the  content  of  the  percpntton 
are  interwoven  by  association  with  memory  elemenlA  that  retain  the  oddinonal 
contents  of  previous  percept ioiLH  of  Rre.  vit,,  the  buruinf;,  or,  again,  ai'e  mterwoven 
with  the  mcmoTy  elcini-nta  n{  the  communications  n-Kardini;  stuAi  burning.  By 
means  of  this  int«rwefivinK,  the  aiimulation  of  the  apperceptive  element  transmits 
itaeU  to  the  remominR  elemuntaof  the  association  complex.  Tfte  cliaracter  of  the 
MMciaticn  IB  different  under  different  conditions.  If  it  be  founded  only  upon  one 
«xperi«nce,  then  there  can  arise  a  roemorv  or  a  recall,  in  the  wider  aanse,  of  the 

[  foregoing  content  of  the  perception  and  teelinfi  at  the  time  of  the  burtmu!.  or. 

^agam,  there  con  arise  a  revival  wherein  the  in.imulBb>d  rlf-ments  of  retention  rcniain 
noonactoUB.  Again,  tli«  wDnl»  of  the  mothi-r  loDKue  titat  denote  thw  preii'M»u 
Uiotal  content,  aiid  winch  likewise  beloDK  to  tht  aasociatioQ  complex  (the  apper- 
ceivinK  maas,  in  the  widrr  senac),  can  be  rxcited  in  onp  of  thew  three  fomu  and 
in  addition  as  abstract  verbal  ideas.  Kach  one  of  lhe*c  forms  of  verbal  discharK" 
CM)  lead  to  the  imiervatioos  of  tlie  musclM  mvolved  in  speech,  wliich  briiiE  s'^ut 
■atna  Mirt  of  oral  expression  of  judgment.  Kach  of  thrae  verbal  mpmductionH  ran 
be  connected  witli  each  of  the  foreKotng  sensory  [,taMitJun)  revivals.  Secondly. 
if  Ihu  lusociation  b«  founded  upon  repeated  |>ercpption8  ou  the  {wt  of  the  penmn 
bimsclf,  thfin  all  tho  afore-mentjoned  poniinilitiffl  of  rppn>ductkin  berotno  morp 
OOrapltoatcd,  and,  in  addition,  the  mental  rcvivaJs  contAm,  more  or  Iom,  only  the 
oomiaon  vlemvuii  of  the  previous  perceptions,  i.  r.,  reappear  in  the  form  of 
abstract  ideas  or  tlicir  eom-smondtng  unounscious  rtiodificutions.  In  tlie  third 
case  the  aaoociatjon  is  foundi^  upon  a  communication  of  others'  expenenoc.  For 
the  sake  of  simplicity,  let  this  cave  l>e  confined  to  the  folluwiug  itistMicv  The 
eommunication  conawted  In  the  aaMrUon:    "All  fnr  will  burn  upon  rontaet " 

lioTCiover,  tlus  judgment  was  axprcMed  upon  occAsion  of  imminrn'    ' r  nf 

burning.    There  can  then  arise,  as  is  perhaps  evident,  all  tlte  po»'<  >'i)> 

tiooed  m  the  seoond  caae,  only  that  hent  there  will  he  n  stronger  len'i'  : .  v:in| 

verbal  reproduction  and  the  aenaory  reprodueuon  will  be  less  Axed. 

Jn  the  tint  two  rase*  there  was  CDtu>oc1«d  with  the  oerccption  of  the  buminit 
on  intense  fcolin^  of  pala.  In  the  third  the  iJi.-n  of  sucli  pain  added  itself  to  the 
visual  perception  of  tba  moment.  The  aflMtciated  etcinruU  of  tha  earlier  OMfltal 
contenta  beJong  likewias  to  tbo  •pprreeivina  mass  excited  at  tli«  niontent,  in  fact 
to  that  port  of  tl  exdted  by  means  of  asK>ciation  procoaaM.  or,  as  we  cnn  a^n  say, 
depending  upon  the  pomt  from  which  we  lake  otir  Tlnr,  the  aaaoektive  or  KppKt- 
oeptivH  oompl«tion  m  tba  content  of  prment  [Mrrcr[)tion.  If  thcee  pain  denienta 
an  revived  as  memorial, «'.  #,,  aa  elements  in  oonsdooaiwaa,  they  give  riae  to  a  new 
diaagreeaUo  feeling,  wfaU:h  Is  rcfened  to  the  poariUe  eoatag  aenaaUori  of  huming. 
If  the  mental  mouificatnos  conenxjadiag  to  tbeau  paJa  oleauinta  mtmuu  uncon* 
soioas,  as  ia  often  poRnMa,  then  arnea  none  tlie  leas  the  sarae  rrmilt  an  reg&rda  oar 
feeling,  only  with  lev  intcaally.  This  feeUag  tooe  we  call  the  drtad. 
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decision  of  the  question,  whether  or  not  empiricism  can  determine 
exhauattvply  (he  confent  that  we  think  in  (he  caueal  relation,  depends 
upon  other  considerations  than  those  which  we  have  until  now  been 
called  upon  to  undertake.  We  have  so  far  only  made  clear  what 
ever}'  critical  nnalyws  of  the  causal  relation  haa  (o  concede  to  empiri- 
cism.  In  reality  the  enipirtBtic  hypothesis  is  inftd«iuate.  To  be  sure. 

As  a  result  of  the  sum  tolAl  of  the  rwivalB  actual  and  powiblo,  them  U  finally 
pnKlliCfd,  nct-onlin^  to  tlip  piirticiiliir  rimii»i«t«nc»w,  fitlirr  m  rnntor  nmction  or  an 
tnliibitant  of  sucli  rcACtJon.  Uotli  ioncrrntionit  caa  take  pLucv  iuvi>luiit«hly  or 
\-oluntArily. 

TIh- critiotl  analy«bi  of  tlirf net  Dint  wi-drciid  contact  trilh  fire,  pven  h»  another 
purpose  and  oocoroiogly  procmHiB  vn  uthcr  lina.  It  Qiu4t  taaku  dear  under  wliat 
pmitippositions  tJie  rorc«iglil  that  lir^  (it  the  \>ax\»  of  such  drtJkd  is  vitlid  fur  future 
expfTU-nci:  It  must  then  foniiulitti!  tK<-  m-ttiitl  pmcrflK  of  rrrivnl  thnt  mTuititttt«<s 
llie  foundalioii  of  this  feclinn  na  a  setin  of  j  uilKuiunts.  froin  which  the  iin-anin^  and 
interconnection  of  the  Mvcral  judgmcnttt  w-ill  l>*oomc  clear.  Thus  the  rritio&l 
Analysis  must  ^ve  k  logical  piT«entAtkin  of  tlitr  apperceptive  and  ■aaoeinttre 
pn>o«Bes  of  revival. 

For  this  purpoac  the  tbre«  caaes  of  tho  p^-pliolnpioal  analysia  rwluep  themwlves 
to  two-  vi*.,  hrnt,  to  t!ie  cajc  in  wliicli  an  tmnutliate  experiHice  fonos  thn  lin«is, 
ui>d  soconilly,  to  tluit  in  wliicli  a  variety  of  »iinilar  nirdiutcly  or  tiuuiwliatoly 
wmntiinicnl^d  exiKTioncrs  form  sucli  hatiis. 

In  llir>  finit  uf  tin'sc  lofcicallv  difTercntiittiKl  cam*,  the  tmnafoiTnation  into  the 
speeeli  of  formulated  tliousht  Ivads  to  tlie  (oliowinK  inference  from  analogy : 

Fire  A  burned. 

Fire  B  u  mmilar  to  fire  A. 

Fire  B  will  bum. 

Co  the  second  case  there  arises  a  syllogism  of  some  such  form  ■>: 

,  AQ  ftrv  eaiuK^  buniiiij;  upon  contact. 

Thi«  pmcnt  phenomenon  ht  fire. 


TliU  preaent  phenomenon  will  cauiie  burning  upon  contact. 

Botll  praniaes  of  this  aytlogiflm  are  inductive  inferenoes.  whose  implicit  meaniaf 
['MEMBBBl  dsar  wiien  we  fonuulate  as  FoUowb: 

All  bflretoforo  investigated  in^tancos  of  fire  havu  buruod,  therefore  all  fire 

bunu^ 
The  present  plienomenon  manifeMts  aome  proportiM  of  fin,  will  cousequently 

haro  all  the  propenisB  thovof. 

ThtT  pn-atfut  plit-i  ion  union  will,  in  caan  of  contact,  cause  buminn. 

Tlie  tirnt  ^'UoRinm  gar^  from  the  particular  to  the  particular.  The  second  pnivu 
itself  to  be  (contrary  to  tin-  aniilysia  of  Stuart  MiLl  an  infert-nn-  that  leads  from 
the  Ren^ral  to  the  particular.  For  the  coDclusion  is  the  particular  of  the  second 
parts  of  the  major  and  minor  premiara;  and  these  second  porta  of  the  preinises  aro 
mfemnl  from  their  hmt  purts  in  the*  two  possihle  ways  of  inductive  'inference.  The 
latter  do  not  contain  the  cose  referred  to  in  the  oonohisioo,  but  set  forth  the  oon- 
ditiOBB  of  carryine  ft  result  of  previous  e.Tperieace  over  to  anew  case  with  inductive 

firoliability.  in  otupr  words,  the  conditions  of  making  past  eTpericncc  a  fiicone  of 
tncseeing'  futun>  experience.    It  would  be  superfluous  to  give  here  the  srmltols 
tt  the  two  forms  of  inductive  inference. 

We  remain  within  the  Ixmnds  of  lo^col  analyflis.  if  we  state  under  whnt  condi- 
tions oonciusions  follow  necewarilv  from  their  premiseis,  vix.,  the  conclusions 
of  arguments  from  aunloey  and  of  n'Uogisnis  in  tlie  narrower  sense,  oa  well  as 
lliose  of  tlie  foregoing  inductive  Mgufnents.  For  th*"  inference  from  annlogy  nnd 
the  two  forms  of  inductive  inference,  these  conditions  are  th*  {inwuppoMitioas 
already  set  forth  in  tlie  (e\t  of  the  pr<— at  pApsr.  tliat  in  tlie  us  yet  uiiulw^rvcd 
portion  of  reality  tlie  like  caUbc!*  will  n*  founn  and  tlipy  will  ^vc  rise  to  like  effects, 
ror  the  syllogism  thev  nre  th<?  thnught  (hut  th»-  [irt-flieat*  ol  a  predieat*  is  the 
(mediate)' predicate  of  the  subject.  Only  tlw  furtlier  analyris  of  thsM  pnauppod> 
tiotis.  which  is  undertaken  in  the  text,  leads  to  critical  cooudcratlons  Rt  the 
narrower  Sense. 
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the  proof  of  this  inadequacy  is  not  to  be  taken  from  the  obvious 
a^ument  which  Reid  raised  against  the  empiricism  of  Uume,  and 
which  compelled  Stuart  Mill  in  his  criticism  of  that  attack '  to  abandon 
his  empiristic  position  at  this  point.  Nodoubt  the  conclusion  to  which 
tve  also  have  come  for  the  time  being,  goes  much  too  far,  the  conolu- 
mon  that  the  cause  is  nothing  but  the  uniform  arttecedens  and  the 
effect  merely  the  uniform  conseguens.  Were  it  truCj  aa  we  have 
hitherto  assumed,  that  every  uniformly  preceding  event  is  to  be 
regarded  as  cause  and  ever>'  uniformly  following  e>'ent  as  effect,  then 
day  niUKt  be  looked  upon  as  cause  of  night  and  night  as  cause  of  day. 

Empiricism  can,  however,  meet  this  objection  without  ^ving  up 
ita  poidtion ;  in  fact,  it  can  employ  the  objection  as  an  argument  in  its 
favor;  for  this  objection  affectu  only  the  manifestly  imperfect  formu- 
lation of  the  doctrine,  not  the  essential  arguments. 

It  should  have  Ijeen  pointed  out  again  and  again  in  ilie  forgoing 
exposition  that  only  in  the  first  indiacriminating  view  of  things  may 
we  regard  Iheevente  given  us  in  perception  as  the  basis  of  our  conceptti 
of  cause  and  effect.  All  these  events  are  intricately  mixed,  those  that 
are  given  in  self  perception  as  woll  as  those  given  in  sense  perception. 
The  events  of  bolh  groujw  Hew  along  continuously.  Consequently, 
as  regards  time,  they  permit  a  division  into  parts,  which  division 
proceeds,  not  indeed  for  our  perception,  but  for  our  scientific  thought. 
in  short,  conceptually,  into  infinity.  The  events  of  sense  perception 
permit  also  conceptually  of  infinite  division  in  their  spatial  relations. 

It  is  sufficient  for  our  present  purpose,  if  we  turn  our  attention  to 
the  question  of  diviaibiUty  in  time.  This  fact  of  divisibility  shows 
that  the  events  of  our  perception,  which  atone  we  have  until  now 
brought  under  consideration,  must  be  regarded  as  systems  of  e\*enls. 
We  are  therefore  called  upon  to  apportion  the  causal  relations  among 
the  members  of  these  systems.  Only  for  the  indiscriminating  view 
of  our  practical  WdlanMchauung  is  the  perceived  event  a  the  cauAe 
of  the  perceived  event  b.  The  more  exact  flnalysis  of  our  theoretical 
apprehension  of  the  world  compels  us  to  dissect  the  events  a  and  b 
into  the  parts  a,,  a^,  a^, — b^.  h^,  ^^,  and,  where  occasion  calls  for  It, to 
continue  the  same  process  in  turn  for  these  and  further  components. 
Wc  have  accordingly  to  relate  those  parts  to  one  another  as  causn 
and  effects  which,  from  the  present  standpoint  of  analysis,  follow  one 
another  uniformly  and  immfdiat>-bj,  vir..,  follow  one  another  so  that 
from  this  standpoint  no  other  intervening  e\xnt  must  be  pn^>supposed. 
In  this  way  wc  come  to  have  a  weB-ordfrfd  ezpttifnce.  The  disposi- 
tions to  such  experience  which  reveal  themselves  within  the  field  of 
prnctical  thought  taught  man  long  before  the  beginning  of  scientific 
methods  not  to  connect  causally  day  and  night  with  one  another,  but 
the  riling  and  setting  of  the  run  with  day  and  night.  The  theoretical 

■  A  Syttem  o}  Lofie,  Rati<KinaHn  and  tndudivt,  bk.  m,  eh.  v,  |  0. 
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analysis,  indeed,  goes  farther.  It  teaches  that  in  what  is  bere  summed 
up  as  rising  of  the  sun  and  yonder  as  day,  there  lio  again  intricotc 
elements  requiring  eperial  attention,  in  our  uwn  day  extending  per- 
jiiaps  to  the  lines  of  thought  contained  in  the  electro-dynamic  theory* 
of  light  and  of  electrons.  Still  the  ways  of  thought  remain  the  same 
on  all  the  levels  of  penetrating  analysis.  We  have  throughout  to  relate 
to  one  another  as  cause  and  effect  those  events  which,  in  a  well- 
ordered  experience,  must  be  regarded  as  following  one  another  imme- 
diately. The  cause  is  then  the  immediate  \iniioTm  anUcedens,  the 
elfect  the  immediate  uniform  amsequrna.  Otherwise  stated,  the  per- 
ceived events  that  we  are  accustonitfd.  from  the  stand)>oint  of  the 
practical  WelUmachauuwj,  to  regarvl  as  cauw*  and  effects,  e.  g.,  light- 
ning and  thunder,  from  the  theoretical  apprehenaion  of  the  world 
prove  to  he  infinitely  involve<l  collections  of  events,  whow  elements 
must  be  relatetl  to  one  another  as  caiitHw  and  offtwtH  in  as  far  as  they 
f*an  be  regarded  aa  following  one  another  immediately.  No  exception 
is  formefl  hy  pxpressinns  of  our  rough  way  of  viewing  and  descriliing 
which  lead  us  without  hesitation  to  regard  as  cause  one  out  of  the  very 
many  causes  of  an  event,  and  thi«.  too,  not  necessarily  the  immtnliate 
uniformly  preceding  event.  All  this  lies  rather  in  the  nature  of  such 
a  hasty  view. 

The  present  limitation  of  uniform  sequence  to  cases  of  immediate 
sequence  sets  aside,  then,  the  objection  from  which  we  started,  in  that 
it  adopts  OS  its  own  the  essential  point  in  question. 

Moreover,  the  way  that  leads  us  to  this  necessary  limitation  goca 
farther:  it  leads  to  a  strengthening  of  the  cmpiristic  position.  It 
brings  ua  to  a  point  where  we  see  that  the  most  advanced  analysis 
of  intricate  systems  of  events  immediately  pven  to  us  in  perception 
as  real  nowhere  reveals  more  than  the  simple  fact  of  uniform  sequence. 
Again  where  we  come  to  regard  the  intervals  Ijetween  the  events  that 
follow  one  another  immediately  as  very  short,  there  the  uniformity  of 
the  time  relation  makes,  it  would  seem,  the  events  for  us  merely 
causes  and  effects;  and  as  often  as  we  have  occasion  to  proceed  to 
the  smaller  time  differences  of  a  higher  order,  the  same  process  repeats 
itself^  for  we  dissect  the  events  that  make  up  our  point  of  departure 
into  ever  more  complex  s^-stenis  nf  eom[)onent  events,  and  the 
coarser  relations  of  uniform  se(iucnce  into  ever  finer  tmmetiiate  ones. 
Nowhere,  seemingly,  do  we  get  beyond  the  field  of  events  in  uniform 

luence,  which  finally  have  their  foundation  in  the  factsof  perception 

'from  which  they  are  drawn.  Thus  there  follows  from  this  conceptual 

refinement  of  the  point  of  departure  only  the  truth  that  nothing 

connects  the  events  aa  causes  and  eftecta  except  the  immediate 

uniformity  of  sequence. 

None  the  lesS;  wc  have  to  think  the  empiristic  doctrine  to  the  bot- 
tom, if  we  dceire  to  determine  whether  or  not  the  hypothesis  which 
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ic  offers  is  really  sufficient  to  enable  us  l/>  riMiioe  the  causal  relation. 
For  this  purpose  let  us  remind  ourselves  that  the  question  at  issue 
is,  whether  or  not  this  relation  is  merely  a  temporal  connection  of 
events  that  arc  given  to  ua  in  perception  or  that  can  be  derived  from 
the  data  of  perception. 

fieados,  let  us  grant  that  this  relation  is  as  thoroughly  valid  for 
the  content  of  our  experience  as  empiricism  has  always,  and  ration- 
alism nearly  alwB\-s,  maintained.  We  presuppose,  therefore,  as 
granted,  that  every  event  is  to  be  regarded  aa  cause,  and  hence,  in 
the  opposite  time  relation,  as  effect,  menial  events  that  are  given 
to  us  in  self  perception  no  less  than  the  physical  whose  source  is  our 
sense  perception,  la  other  words,  we  assume  that  the  totality  of 
events  in  our  possible  experience  presents  a  closed  sratcm  of  causal 
series,  that  is,  that  every  mcmljer  within  each  of  the  contemporary 
series  ia  connected  with  the  aubeequent  ones,  as  wcU  as  with  the 
subsequent  members  of  all  the  other  aeries,  backwanl  and  fonvard 
as  cause  and  effect;  and  therefore,  finally,  that  evcrj*  member  of 
every  aeries  stands  in  causal  relationship  with  every  memlier  of 
every  other  series.  We  do  not  then,  for  the  prenent  purpose,  burden 
ourselves  with  the  hypothesis  which  was  touched  upon  above,  that 
this  connection  is  to  be  thought  of  us  a  continuous  one,  namely,  that 
other  niembcre  can  be  inserted  ad  inftniUtm  between  any  two  mem- 
bers of  the  series. 

We  maintain  at  the  same  time  that  there  is  no  justification  for 
separatiiiK  f"mi  one  another  the  concepts,  causality  and  int-eraetinn. 
This  separation  i:^  only  to  be  justified  through  the  metaphysical 
hypothesis  that  reality  connata  in  a  multitude  of  independently 
existing  mtlmtatieon  inhere:ntly  subject  to  rhange,  and  that  their 
mutual  int<reoniioetion  ia  conditioned  by  a  common  dependence 
upon  a  first  inrmite  cause.'  Evory  connection  between  cause  and 
effect  b(  mutual,  if  we  assume  with  Newton  that  to  every  action 
there  is  an  e()ua1  opp^Mung  reaction. 

In  that  we  faring  the  totality  of  knowable  reality,  ae  far  aa  it  is 
unalyBable  into  events,  under  the  causal  relation,  we  may  regard 
the  statement  thot  every  event  requires  us  to  seek  among  unifnrmly 
preceding  events  fur  the  sufficient  causes  of  its  own  reality,  namely. 
the  fffTtrral  causal  law,  as  the  prinriplc  of  all  material  acioDCCa.  For 
ull  indivitliial  Instances  of  coiifnniiity  tu  law  wlurh  we  can  diaoover 
in  the  couree  of  experience  are  from  this  point  of  view  only  special 
rases  of  the  general  universal  conformity  to  law  which  we  have  jiut 
formulated. 

'  Tlib  doctrine  \>r^aB  in  thr  thwiloiricftl  rvrhitipn  of  Hi*  niri*t(!tn  winriTtt  of 
Ood.  It  WM  fiwt  fiirwiiii'  I'-niiiliiKs^  !  ' '    Uiarfti-  tni'd 

dCMitfinB  of  tbv  Aomom'i  irttihihtn  :  ' <.t'«  cons'' .  -  (h* 

crHical  doctrine  of  the  mufi^'ivimriJi^itnTu.  ltrti>t-  it  pemieBtM  thr  iiiri^i|"iy'^^ 
doelriDM  of  th*  qrMMM  of  the  aiigtatiwh  oootny  ia  ytaom  mufm. 
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For  the  ompiristic  interpretalion,  ihe  C^neral)  eiiusal  law  is  only 
the  highest  genus  of  the  individual  cases  of  enipiric«lly  synthetic 
relations  of  uniform  sequence.  Starting  from  these  presuppositioiia, 
It  cnnnot  be  other  than  a  Kenernlization  from  experience,  thai  is,  a 
canyinR  over  of  observed  relations  of  uniform,  or,  as  wo  may  now 
also  say,  const-ant  sequence  to  those  which  have  not  been  or  cannot 
be  objects  of  observation,  as  well  as  to  those  which  we  expect  to  ap- 
pear in  the  future.  Psychologically  regarded,  it  is  merely  the  most 
general  expression  of  an  expectation,  conditioned  through  associative 
reproduction,  of  uniform  sequence.      It  is,  therefore,  —  to  bring 

■  Hume's  doctrine  to  a  conclusion  that  the  father  of  modem  empiricism 
himself  did  rot  draw, — a  species  of  temporal  contiguity. 

The  general  validity  which  we  aserihe  lo  the  causal  law  is  ac- 
cordingly a  merely  empirical  one.  It  can  never  attain  apodeictic 
or  even  aavrtorical  \TLlidity,  but  purely  that  type  of  problematic 
validity  which  we  may  call  "  real "  in  contradi<itinction  to  the  other 
type  of  problematic  validity  attained  in  judgments  of  objective  tia 
well  as  of  subjective  and  hypothetical  possibility.'  No  possible  pro- 
gress of  experience  can  win  for  the  cmpiristically  interpreted  causal 
law  any  other  than  this  real  problematic  validity;  for  experience 
can  never  become  complete  a  parte  post,  nor  has  it  ever  been  com- 
plete a  parte  ante.  The  causal  law  ia  valid  asscrtorically  only  in  ao 
far  aa  it  sums  up.  purely  in  the  way  of  an  inventory,  the  preceding 
experiences.  We  call  such  assumptions,  drawn  from  well-ordered 
experience  and  of  inductive  origin,  "hypotheses,"  whether  they  rest 
upon  generalizing  inductive  inferences  in  the  narrower  sense,  or  upon 
specializing  inferences  from  analogy.  They,  and  at  the  same  time 
the  eitipiristically  interpreted  causal  law,  are  not  hypotheses  in  the 
sense  in  which  Newton  rightly  rejected  all  formation  of  hypotheses,' 
but  are  such  as  are  necessarily  part  of  all  methods  in  the  sciences  of 
facts  in  so  far  as  the  paths  of  research  lead  nut  beyond  the  content 
given  immediately  in  perception  to  objecte  of  only  possible  ex|)erienee. 
The  assertion  of  Stuart  Mill,  in  oppowlion  to  this  conclusion, 
that  the  cause  must  be  thought  of  a«  the  "invariable  antecedent" 

juid,  correspondingly,  the  effect  as  the  " invariable  consequent,"' 
ines  all  honor  to  the  genius  of  the  thinker;  but  it  agmes  by  no  means 
with  the  empirisde  proauppoeitions  which  mrvp  as  the  basis  for  his 
conclusions.  For,  starting  from  these  presuppositions,  the  "invari- 
ah\e  sniucnoo"  can  only  mean  one  that  is  uniform  and  constant 

'  Cf.  tlw  autJior'a  Logik,  bd.  i,  ^  61. 

*  "  Sntitmem  vero  liarum  n^Wtatia  proprietatuni  ex  phaeoomenie  nondum  potm 
iuetrp,  4>t  hvpnthrsps  nan  imm.  Quiaptid  antn  ex  phanhnrwmit  mm  dedtiriiur, 
pM^U  tMKonda  f*t ;  et  hypotneflMaenintttephysiCM.  Seuphvricut.AcuiiualitA- 
tum  occultarwn ,  9CU  oiechiuucae.  in  philosophia  exprrtmcnUili  locum  nun  liabent. 
In  hoc  phiinonphia  pnqwdtionM  ilnduiruotur  ex  ^liaononiifnis,  ot  rcddiintur  gdUir' 
alM  per  iit'tuetiimen*."    Nmrton,  at  the  end  of  his  chief  work. 
'  Loffit.  bk.  in,  ch.  v.  §  '2. 
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accordinj^  to  past  experience,  and  that  we  henceforth  carry  over 
to  not  yet  observed  events  as  far  as  these  prove  in  conformity  with 
it,  and  in  this  way  verify  the  anticipation  contained  in  our  general 
assertion,  The  same  holds  of  the  assertion  through  which  Mill  en- 
deavors to  meet  the  above-mentioned  objection  of  Iloid,  namely,  that 
the  unchanging  sequence  must  at  the  same  time  lie  demonstrably 
an  "  unconditional "  one.  The  language  in  which  experience  speaks  tai 
US  knows  the  term  "the  unconditioned"  as  little  as  the  term  "lhe< 
unchangeable/'  even  though  this  have,  as  Mill  explains,  the  mean- 
ing rhftt  the  effect  "will  be,  whatever  aupp<«ition  we  may  make  in 
regard  to  all  other  things,"  or  that  the  sequence  will  "be  subject  tfl 
no  other  than  negative  conditions. "  For  in  these  determinations  there 
does  not  lie  exclusively,  according  to  Mill,  a  probable  prediction  of 
the  future.  "It  is  necessary  to  our  using  the  word  cause,  that  we 
should  believe  not  only  that  the  antecedent  always  kaa  been  fol- 
lowed by  the  consequent,  but  that  as  long  as  the  present  constitulion 
of  things  endures,  it  always  will  be  bo."  Likcmse,  Mill,  the  man  of 
research,  not  the  emptiistiQ  logician,  asserts  that  there  belongs  to 
the  causal  law,  besides  this  generality  referring  to  all  possible  events 
of  uniform  ae()uence,  also  an  "undoubted  assurance;"  although  he 
could  have  here  referred  to  a  casual  remark  of  Hume.*  Such 
undoubted  assurance, "  that  for  every  event  .  .  .  there  is  a  law  to 
be  found,  if  we  only  know  where  to  find  it,"  evidently  duee  not  know 
of  a  knowledge  referred  excliiavely  to  experience. 

Hence,  if  the  causal  law  is.  as  empiricism  to  be  conswtent  must 
maintain,  only  a  general  hypothi?sis  which  is  ncceiuarily  subject  to 
verifieation  as  experience  progresses,  then  it  is  not  impossible  that  in 
the  course  of  experience  events  will  appear  that  are  not  preceded  or 
followed  uniformly  by  others,  and  that,  aceortiingly  cannot  be  re- 
garded 08  causee  or  effeeta.  According  to  this  interpretation  of  the 
causal  law,  such  exceptional  events,  whether  in  individual  or  in 
repeated  cases  of  perception,  must  be  just  as  possible  as  those  which 
in  the  courae  of  preceding  experience  havo  proved  themselves  to  be 
members  of  scries  of  constant  sequence.  On  the  basis  of  previous 
experience,  we  should  only  have  the  right  to  say  that  aueh  except  ional 
eaaea  arc  le»  probable;  and  we  might  from  the  same  ground  expect 
(hat,  if  ihey  could  be  surely  determined,  they  would  only  have  to  be^ 
regarded  as  exceptions  to  the  rule  and  not,  possibly,  as  signs  of  a 
misunderstood  universal  non-uniformity  of  occurrence.  No  «» 
wants  to  maintain  an  empirical  necessity,  that  is,  a  stiLliMnrnl  that 
so  comprehends  a  present  experience  or  an  hypothesis  developed 

'  f.^yw'.bk.  nr.eh.  V,  iS<t,andnidor  ^2.  I1un)eia>*«!nftnotf>cniiM4ionnof  hit  i 
Enti\tiry  etatemnitu  Uttmaa  VmdrtnUinAxna  :  "  \V>  oiifiht  trv  divtilr  nnriiiunila  intn 
drmfrnttraiiofu,  prooja,  and  pnbabitilir^    Ky  pn<nfii  iiii;iuiing  imrh  iririini>>iits  frnni 
mporicnoe  as  hin*  no  room  (or  doubt  nr  opoMitioa.''  The  noui  fltan<li>  m  erldmt 
eoBlrait  t«  the  wtU-kDowB  Kmarka  at  the  bfginnlnf  irf  wetioo  nr.  pL  i. 
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on  the  basis  of  prrsRnt  experience  thmt  its  contradictory  is  rationally 
.impossible.  An  cvejit  preceded  by  no  other  immediat^^ly  and  uni- 
l^lbnnly  as  cause  would,  according  to  traditional  iL<»ge,  arise  out  of 
nothing.  An  event  that  was  followed  immediately  and  constantly 
by  no  other  would  accordingly  be  an  event  that  remained  without 
effect,  and,  did  it  pass  away,  it  must  disappear  into  nothing.  The 
old  thought,  well  known  in  its  scholastic  formulation,  rx  nikilo  nihU 
fit,  in  nikiium  nihil  potest  reverU,  is  only  another  expression  for  the 
causal  law  as  we  have  interpreted  it  above.  The  contradictories 
lo  each  of  the  clauses  of  the  thought  just  formulated,  that  some- 
thing can  ari^  out  of  nothing  and  pass  into  nothing,  remain  there- 
fore, as  a  consequence  of  empiricism,  an  improbable  thought,  to  bo 
Bure,  but  none  the  lees  a  thought  to  which  a  real  possibility  must  be 
ascribed. 

It  was  in  all  probability  this  that  Stuart  Mill  wished  to  convey 
in  the  much-debated  passage:  "  1  am  convinced  that  any  one  accus- 
tomed to  atjstraction  and  analysis,  who  will  fairly  exert  bis  faculties 
for  the  purpose,  will,  when  liis  imagination  has  once  learnt  to  enter- 
itoin  the  notion,  lind  no  difficulty  in  conceiving  that  tn  some  one,  for 
instance,  of  the  many  firmaments  into  which  sidereal  astronomy 
now  divides  the  universe,  events  may  succeed  one  another  at  random 
without  any  fixed  law;  nor  can  anything  in  our  expenence,  or  in  uur 
mental  nature,  constitute  a  sufficient,  or  indeed  any,  reason  for 
believing  that  this  is  nowhere  the  case."  For  Mill  immediately  calls 
I  our  attention  to  the  following:  "Were  we  to  suppose  (what  it  is 
perfectly  possible  to  imagine)  that  the  present  order  of  the  universe 
were  brought  to  an  end,  and  that  a  chaos  succeedetl  in  which  there 
was  no  fixed  succession  of  events,  and  the  past  gave  no  at^sursnce  of 
*  the  future;  if  a  human  being  were  miraculously  kept  alive  to  witness 
this  change,  he  surely  would  soon  cease  to  believe  in  any  uniformity, 
the  uniformity  itself  no  longer  existing." ' 

We  can  throw  light  from  another  side  upon  the  thought  that  lie? 
in  this  outcome  of  the  empiristic  interpretation  of  the  causal  law. 
If  we  still  desire  to  give  the  name  "  effect"  to  an  event  that  is  pre- 
ceded uniformly  by  no  other,  and  that  we  therefore  have  to  regard 
AS  arising  out  of  nothing,  then  we  must  say  that  it  is  the  effect  of 
itself,  that  is,  its  caui>e  lies  in  its  own  reality,  m  short,  that  it  is 
catua  sui.  Therefore  the  assumption  that  a  causa  aui  has  just  as 
much  real  possibility  as  have  the  causes  of  our  experience  which  are 
followed  uniformly  by  another  event,  is  a  neecssary  consequence  of 
the  empiristic  view  of  causation.  This  much  only  remains  sure,  there 
is  nothing  contained  in  our  previous  experience  that  in  any  way 
Assures  us  of  the  validity  of  this  possible  thoor>'. 

The  empiristic  doctrine  of  causation  requires,  however,  still  fur- 
■L(vie,bk.  m.ch.  xxl.§I. 
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ther  conclusionB.  Our  scientific,  no  Iprs  than  our  practical  thought 
has  always  been  accustomed  to  regard  the  relation  between  cause 
and  effect  not  as  a  matter  of  mere  sequence,  not  therefore  a«  a  mere 
formal  temporal  one.  Rather  it  has  always,  in  both  forms  of  our 
thought,  stood  for  a  real  relation,  that  in,  for  a  relation  of  dynamic 
dependence  of  effect  upon  cause.  Accordingly,  the  effect  arises  out 
of  the  cause,  is  engendered  through,  it,  or  brought  forth  by  it. 

The  historical  development  of  this  dynamic  conception  of  catue 
tfl  well  known.  The  old  anthropopathic  interpretation,  which  inter- 
polates anthropomorphic  and  yet  superhuman  intervention  between 
the  events  that  follow  one  another  uniformly,  has  maintained  itself 
on  into  the  modem  metaphysical  hypothcsea.  It  remains  standing 
wherever  God  is  assumed  as  the  first  cause  for  the  interaction  be- 
tween parts  of  reality.  It  is  made  obscure,  but  not  eliminntcd,  when, 
in  other  conceptions  of  the  world,  impersonal  nature,  fate,  neces- 
sity, the  absolute  identity,  or  an  abstraction  related  to  these,  ap- 
pears in  the  place  of  God.  On  the  other  hand,  it  conies  nut  clearly 
wherever  these  two  tendencies  of  thought  unite  themselves  in  an 
anthropopathic  pantheism.  That  is,  it  rests  only  up4}n  a  differ- 
ence in  strength  betn'een  the  governing  religious  and  scienttfic  in^- 
t«reet8,  whether  or  not  the  All-One  whioh  unfolds  itself  in  the 
tnteroonnection  ami  content  of  reality  is  thought  of  more  as  the  im- 
manent God,  or  more  as  substance.  Finally,  we  do  not  change  our 
position,  if  the  al)«olute,  self-active  being  (in  all  these  theories  a  first 
cause  is  presupposed  as  causa  sui)  is  degraded  to  a  non-intellectual 
will. 

However,  the  dynamic  interpretation  of  cause  has  not  remained 
nonfined  to  the  field  of  these  general  speculations,  ju»t  because  it 
commanded  thai  field  so  early.  There  is  a  second  branch,  likewise 
■early  evolved  from  ths  stem  of  the  anthropopathic  interpretation, 
the  doctrine  that  the  causal  relations  of  dependence  are  effected 
through  "forces."  These  forces  adhere  to,  or  dwell  in,  the  ultimate 
pbymoal  elements  which  are  thought  of  as  masses.  Again,  as  spiritual 
forces  they  belong  to  the  "soul,"  which  in  turn  is  thought  of  as  a 
substance.  In  the  modem  contrast  between  attractive  and  repulave 
forces,  there  lies  a  remnant  of  the  Eropedoklean  opposition  between 
Love  and  Hate.  In  the  various  old  and  new  hylozoietic  tendencies, 
the  ooncepts  of  force  and  its  correlate,  mass,  are  ccloetically  united. 
In  consistent  materialism  as  well  as  spiritualism,  and  id  the  abstract 
d3mamii!m  of  energetics,  the  one  member  is  robbed  of  ita  independenoo 
or  even  rejected  in  favor  of  the  other.' 

'  Alongaidt  of  lb«M  dynamic  theotiea,  there  are  to  b«  found  mecbuuMl  oqm 
that  atOM  huA  m  cariy  and  from  the  Hune  souroe,  vis.,  tim  praetiet]  TTtUiai- 
MAawunt^.  It  is  not  p*rt  of  our  purpoae  lo  dlfaiM  th<(in.  Thdr  fint  tdnttfie 
exprndon  is  la  be  found  ia  Che  docUlM  of  efflueooea  ivnd  pom  b  EiPpedoUaa 
and  in  AtominL 
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It  is  cWdent  in  what  light  all  these  dynamic  conceptions  appear, 
when  looked  at  frDm  the  st-andpnint  of  consistent  extrenio  ompiricLtm. 
These  "  forces,"  to  consider  here  only  this  one  of  the  dynamic  hypo- 
theecB,  help  to  explain  nothing.  The  physical  forces,  or  those  which 
give  rise  to  movement,  are  evidently  not  given  to  us  as  contents  of 
sense  perception,  and  at  the  moat  they  can  be  deduced  as  non-sen- 
suouB  foundations,  not  as  contents  of  pusaible  eense  perception.  The 
often  and  variously  expressed  belief  that  seJf  perception  reveals  to 
us  here  what  our  senses  leave  hidden  has  proved  it&elf  to  be  in  all  its 
forma  a  delusion.  The  foroee  whose  existence  wc  assume  have  then 
an  iutuitable  content  only  in  so  far  us  they  get  it  thr<^)ugh  the  uniform- 
ities present  in  repeated  perceptions,  which  iiiuforiniiies  are  to  be 
"explained"  through  them.  But  right  here  their  a£sumptiun  proves 
itself  bo  be  not  only  superfluous  but  even  misleadiDg;  for  it  makes  us 
believe  tiiat  we  liavu  oltered  an  explanation,  whereas  in  reality  we 
havBMmply  duplicatod  the  given  by  means  of  a  fiction, quite  after  the 
fashion  uf  the  Platonic  doctrine  of  ideas.  This  endeavor  to  give  the 
formal  temjmraJ  relations  between  events,  which  wc  interpret  as 
causes  and  effects,  a  dynamic  real  substructure,  shows  itself  thus  to 
be  worthless  in  its  contriliutions  to  our  thought.  The  same  holds 
true  of  every  other  dynamic  hj-pothtiais.  The  critique  called  forth 
by  these  contributions  establishes  therefore  only  the  validity  of  the 
empiristio  interpretation. 

If,  however,  we  have  once  come  so  far,  we  may  not  hold  oureelvea 
back  from  the  final  step.  Empiricism  has  long  ago  taken  this  step, 
and  the  most  consistent  among  its  modem  German  representatives 
has  aroused  anew  the  impulses  that  make  It  necessary*.  Indeed,  if 
we  start  from  the  empiristio  presuppositions,  we  must  rect^ntze  that 
there  lies  not  only  in  the  assumption  of  forces,  but  even  in  the  habit 
of  speaking  of  causes  and  effects,  ''a  clear  trace  of  fetishism. "  We 
are  not  then  surprised  when  the  statement  is  made:  llie  natural 
science  of  the  future,  and  accordingly  science  in  general,  will,  it  is 
to  be  hoped,  set  aside  these  concepts  also  on  account  of  their  formal 
obscurity.  For,  so  it  is  explained,  repetitions  of  like  cases  in  which 
a  is  aln-ays  connected  with  b,  namely,  in  which  like  results  arc  found 
under  like  circumstances,  in  short,  the  essence  of  the  connwtion  of 
cause  and  effect,  exists  only  in  the  abstraction  that  is  necessary  to 
enable  us  to  repicture  the  facts.  In  nature  itself  there  are  no  causes 
and  effects.    Dk  A'ti/ur  ial  nur  einmai  da. 

It  is,  again,  Stuart  Mill,  the  man  of  research,  not  the  empiricist ,  that 
opposes  this  conclusion,  and  indeed  opposes  it  in  the  form  that 
'Auguste  Comte  liad  given  it  In  connection  with  thoughts  that  can 
[be  read  into  Uunic's  doctrine.  Comtc's  ''objection  to  the  tcord 
t4}ause  is  a  mere  matter  of  nomenclature,  in  which,  as  a  matter  of 
yBomencIature,  I  consider  him  to  be  entirely  wrong.  ...  By  reject- 
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ing  this  form  of  expression,  M.  Comte  leaves  himself  without  any^ 
term  for  marking  a  distinction  which,  however  incorrectly  expressed, 
Is  not  only  real,  but  is  one  of  the  fundamental  distinctions  in  science."' 
For  my  own  part,  the  right  seems  to  be  on  the  side  of  Comte 
and  his  recent  followers  in  showing  the  old  nomenclature  to  be  wora 
out,  if  Wewed  from  the  standpoint  of  empiricism.  If  the  relation' 
between  cause  and  effect  consist*  alone  in  the  uniformity  of  sequence 
which  is  hypothetical ly  warranted  by  experience,  then  it  can  bo 
only  misleading  to  employ  words  for  the  memberB  of  this  purely 
formal  relation  that  necessarily  have  a  strong  tang  of  real  dynamic 
dependence.  In  fact,  theygivc  the  connection  in  question  a  peculiarity 
that,  according  to  consistent  empiricism,  it  does  not  possws.  The 
question  at  issue  in  the  empiristically  interpreted  cuuAal  relation  is 
a  formal  functional  one,  which  is  not  essentially  different,  as  Ernst 
Maeh  incidcntAlly  acknowledges,  from  the  interdependence  of  tha^ 
sides  and  an^es  of  a  triangle. 

Here  two  extremes  meet.  Spinoza,  the  most  eonsistont  of  the  dog- 
matic rationalista,  &nds  himself  compelled  in  his  formulation  of  the 
analytic  interpretation  of  the  cau.'ial  relation  banded  down  to  him 
to  transform  it  into  a  mathematical  one.  Maeh,  the  moat  consistent 
of  recent  German  empiricists,  finds  himself  compelled  to  recognize 
that  the  empirically  synthetic  relation  between  cause  and  effect 
includes  no  other  form  of  dependence  than  that  which  is  present 
in  the  functional  mathematical  relations.  (In  Germany  empiricism 
steeped  in  natural  science  has  supplanted  the  naive  niaterialism 
saturated  with  natural  science.)  That  the  mathematical  relations 
must  likewise  be  subjected  to  a  purely  empirical  interpretation, 
which  even  Hume  denied  them,  is  fl  matter  of  course. 

However,  this  agreement  of  two  oppo«ng  views  is  no  proof  that 
empiricism  is  on  the  right  road.  The  empiristic  conclusions  (o  which 
we  have  given  our  attention  do  not  succeed  in  defining  a<lequnt«ly 
the  specific  nature  of  the  causal  relation;  on  the  contrary,  they 
compel  us  to  deny  such  a  relation.  Thus  they  cast  aside  Uie  concept 
that  we  have  endeavored  to  define,  that  is,  the  judgment  in  which 
we  have  to  comprehend  whatever  is  peculiar  to  the  causal  connection. 
But  one  does  not  untie  a  knot  by  denying  that  it  exists. 

It  follows  from  His  self-deatruction  of  the  rmpiri«tic  causal  hypo- 
thtsis  that  on  additional  elomont  of  thought  must  he  contained  in  tho 
relation  of  cause  and  effect  beeklee  the  elements  of  reprtHluclive 
reoognttion  and  those  of  identification  and  dificrimination,  all  of 
which  are  involved  in  the  abstract  comprehension  of  uniform  se- 
quence. The  characteristics  of  the  causal  oonncction  revealed  by  oui 
previous  analysis  constitute  the  neoi'ssary  and  jwrhaps  adequate 
oundilions  fur  combining  the  several  factual  perceptions  into  the 

^  LogU,  bk.  ni,  ch.  v,  %  ft.. 
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abetract  registering  idea  of  uniform  sequence.  We  may,  therefore, 
expect  to  find  that  the  element  sought  for  liea  in  the  tendency  to 
extend  the  demand  for  causal  connections  over  the  entire  held  of 
possible  experience;  and  perhaps  we  may  at  the  same  time  arrive 
at  the  condition  which  le<l  Hume  and  Mill  to  recognize  ihe  complete 
universality  of  the  causal  law  in  spite  of  the  exclusively  empirical 
content  that  they  had  ascribed  to  it.  In  this  further  analysis  also 
we  have  to  dniiv  from  the  uature  of  our  thought  itself  the  means  of 
guiding  our  investigation. 

In  the  firet  place,  all  thought  has  a  formal  necessity  which  reveals 
itself  in  the  geiieml  causal  law  no  less  than  in  every  individual 
thought  proct'ss.  that  is,  in  every  valid  judgment.  The  meaning  of 
this  formal  neces^ty  of  thought  is  easily  determined.  If  we  presup- 
pose, for  example,  that  I  rocopnize  n  surface  which  liea  before  me 
as  green,  then  the  perception  judgment,  "This  surface  is  green," 
that  is,  the  apprehension  of  the  present  perceptive  content  in  the 
fundamental  fnnn  of  discursive  thouphl,  repeats  with  predicative 
necessity  thai  which  is  presented  to  me  in  the  content  of  perception. 
The  neceesity  of  thought  contained  in  this  perception  judgment,  as 
mutati*  mntandig  in  every  affirmative  judgment  meeting  the  logical 
conditions,  is  recognizable  through  the  fact  that  the  contradictory 
judgment,  "This  surface  is  not  green,"  la  impossible  for  our  thought 
under  the  pres^iipposition  of  the  given  content  of  pereeption  and  of 
our  nomenclature.  It  contradicts  itself.  I  can  express  the  contrwlict- 
ory  proposition,  for  instance,  in  order  to  deceive;  but  I  cannot  really 
pass  the  judgment  that  is  contained  in  it.  It  lies  in  the  vcrj-  nature 
of  our  (hfiught  that  the  predicate  of  an  assertive  judgment  can  con- 
tain only  wliatever  belongs  as  an  element  of  some  sort  (characteristic, 
attribute,  state,  relation)  to  the  subject  content  in  the  wider  sense. 
The  same  formal  necessity  of  thought,  to  give  a  further  instance,  is 
present  in  the  thought  process  of  mediate  syllogistic  predication. 
TTie  conclusion  follows  necessarily  from  the  premises,  for  example, 
the  judgment,  *'A11  bodies  are  divisible,"  from  the  propositions, 
"All  bodies  are  extended,"  and,  "  Whatever  is  extended  is  divisible." 

Tliesc  elementarT,;  remarks  are  not  superfluous;  for  they  make 
elear  that  the  casually  expressed  assertion  of  modem  natural  scien- 
tific empiricism,  declaring  in  efTect  that  there  is  no  such  thing  as 
neccMRty  of  thought,  goes  altogether  too  far.  Such  necessity  can 
have  an  admissible  meaning  only  in  so  far  as  it  denotes  that  in 
predicting  or  recounting  the  oontent  of  possible  experience  ever>'  hypo- 
thesis is  possible  for  thought.  Of  course  it  is,  but  that  is  not 
the  subject  under  discussion. 

The  recognition  of  the  formal  necessity  of  thought  that  must  be 
presupposed  helps  us  to  define  our  present  question;  for  it  needs  no 
proof  that  this  formal  neeearity  of  thought,  being  valid  for  every 
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afTinnative  judgment,  is  valid  also  for  each  particular  induction, 
ftjid  again  for  the  general  causal  law.  If  in  the  course  of  our  per- 
ceptions wc  meet  uniform  sequences,  then  the  judgment,  "These 
sequences  are  uniform,"  comprehends  the  common  content  of  many 
judgments  vaih  formal  necessity  of  thought.  Empiricism,  too,  doee 
not  seriously  doubt  that  the  hj'pothesiB  of  a  general  functioDal,  eveu 
though  only  temporal,  relation  between  cause  and  effect  is  deduced 
as  an  expectation  of  possible  experience  with  necessity  from  our  real 
experience.  It  questions  only  the  doctrine  that  the  relation  between 
the  events  regarded  as  cause  and  effect  has  any  other  than  a  purely 
empirical  import.  The  reality  of  an  event  that  is  preceded  and  fol- 
lowed uniformly  by  no  other  remains  for  this  view,  as  wc  have  seen,' 
a  poasihility  of  thought. 

In  oppoflition  to  cmplriciem,  wc  now  formulate  the  the«U  to  be 
established:  Wherever  two  events  a  and  b  are  knotiTi  to  follow  one 
another  uniformly  and  immediately,  there  wc  must  require  witki 
formal  necessity  that  some  clement  in  the  preceding  a  be  thought  of 
as  fundamental,  which  will  determine  sufficiently  b'&  ap[K-ar&noo  or 
make  that  appearance  necessary.  The  necessity  of  the  relation 
between  the  events  regarded  as  cause  and  effect  is,  therefore,  the 
question  at  issue. 

We  must  keep  in  mind  from  the  very  start  that  less  is  asserted  in 
this  formulation  than  we  are  apt  to  read  into  it.  It  stales  merely 
that  something  in  a  must  be  thought  of  as  fundamental,  which  makes 
h  necessary.  On  the  other  hand,  it  says  nothing  as  to  what  this 
fundamental  something  is,  or  how  it  is  constituted.  It  leaves  entirely 
undecided  whether  or  not  this  something  that  our  thought  must 
necessarily  postulate  is  a  possible  content  of  perception  or  can  be- 
come such,  accordingly  whether  or  not  it  can  become  an  object  of 
our  knowledge,  or  whether  or  not  it  lies  beyond  the  bounds  of  oil 
our  possible  experience  and  hence  all  our  possible  knowledge.  It 
contains  nothing  whaltiocvcr  that  tells  us  huw  the  determination 
of  6  takes  place  through  a.  The  word  "fundamental"  is  intended^ 
to  express  all  this  absence  of  determination. 

Thus  we  hope  to  show  a  necessity  of  thought  peculiar  to  the  rela- 
tion between  cause  and  effect.  This  is  the  same  as  saying  that  our 
proof  will  establish  the  logical  impossibility  of  the  contrsdietoiyj 
assertion;  for  the  logical  impossibility  of  the  contradictory  assertion 
is  the  only  criterion  of  lo^cal  neeeesity.  Thus  the  pn>nf  that  we  aeek> 
can  be  given  only  indirectly.  In  the  course  of  this  proof,  we  can 
disregard  the  immediacy  of  the  constant  sequence  and  confine  our 
attention  to  the  uniformity  of  the  sequence,  not  only  for  the  itake  of 
brevity,  but  aJiW  because,  as  we  have  seen,  wc  have  the  right  to 
speak  of  near  and  remote  cAuses.    We  may  then  proceed  as  fuUowv. 

If  there  is  not  sumelhing  fundanicntAl  In  a  conslaul  antcKcduni 
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event  a,  which  deteniuiie«  necessarily  the  constant  subsequent 
appearance  of  one  and  the  same  6,  —  that  is,  if  there  is  notliin^ 
fundamental  which  makes  this  appearance  necessary, — then  we 
must  assume  that  also  c  or  ct  ,  .  .  ,  in  short,  any  event  you  will, 
we  dare  not  say  "fallows  upon."  but  appeara  after  a  in  irrpRular 
alternation  with  b.  This  assumption,  however,  is  impossible  for  our 
thought,  because  it  is  in  contradietion  with  our  experience,  on  the 
basis  of  which  our  causal  thought  has  been  developed.  Therefore 
the  assumption  of  a  something  that  is  fundamental  in  a,  and  that 
determines  sufficiently  and  necessarily  the  appearance  of  6,  is  a 
necessity  for  our  thought. 

The  assertion  of  this  logical  impossibility  (Denkuttft^ichkeit) 
will  at  once  appear  thoroughly  paradoxical.  The  reader,  merely 
rrcalling  the  results  of  the  empiristic  interpretation  given  above, 
will  immedialelj"  say:  "The  assumption  that  a  b  does  not  follow 
constantly  upon  an  a,  but  that  sometimes  b,  sometimes  c,  acme- 
times  d  .  .  .  irregnlariy  appears,  is  in  eontnuHction  only  with  all 
our  previous  experience,  hut  it  is  not  on  this  account  a  logical  im- 
possibility. It  is  merely  improbable."  The  reader  will  appeal  espo- 
eially  to  the  discussion  of  tituart  Mill,  already  quoted,  in  which  Mill 
pictures  in  conereta  such  an  iniprobuhlc  logical  impo8.sibility,  and 
therefore  at  the  same  time  establishes  it  in  fact.  Again,  the  reader 
may  bring  forward  tiie  words  in  which  Helmholtz  introduces  intel- 
lectual beings  of  only  two  dimensions.  "  Ry  the  much  misused 
exfucssion,  'to  be  able  to  imagine  to  one's  self,'  or,  'to  think  how 
Bomelhing  happens,'  I  understand  (and  I  do  not  see  how  anybody 
can  undcraiand  anything  else  thereby  without  robbing  the  expression 
of  all  meaning)  that  one  can  picture  to  one's  self  the  series  of  sense 
^imprcaaions  which  one  would  have  if  such  a  thing  actually  Cook 
pUee  in  an  individual  case."' 

Nevertheless,  pertinent  as  are  these  and  similar  objections,  they 
are  not  able  to  stand  the  test.  We  nsk:  •'  Is  in  fact  a  world,  or  even 
a  portion  of  our  world,  possible  for  thought  that  displays  through  an 
absolutely  irregular  alternation  of  events  a  chaos  in  the  full  sense; 
or  is  the  attempt  to  picture  such  a  chaos  only  a  mere  play  of  M-orde 
to  which  not  even  nur  imagination,  not  to  mention  our  thought,  can 
gjve  a  possible  meaning?" 

Perhap.s  we  shall  reach  a  conclusion  by  the  easiest  way,  if  we 
subject  -Mill's  description  to  a  test.  If  we  reduce  it  to  the  several 
ptvpositions  it  contains,  wo  get  the  following:  (1)  Every  one  is  able 
to  picture  to  himself  in  his  imagination  a  reality  In  which  events 
follow  one  anmiicr  without  rule,  tliat  is,  so  that  after  an  event  a 
DOW  b  appp4krs,  now  c,  etc.,  in  complete  irregularity.   (2)  The  idea  of 

'  Vortrnge  und  Re^fa,  bd.  n,  "Ober  d«n  rwpning  und  die  Bcdeutnng  der 
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such  a  chaos  accordingly  contradicta  neither  the  nature  of  our  mind 
nor  our  experience.  (3)  Xcithor  the  former  nor  the  latter  gives  u* 
sufficient  reason  to  believe  that  such  an  irregular  alternation  does 
not  actually  exist  somewhere  in  the  obser\-able  world.  (4)  If  such 
Q  chnoB  should  be  presented  to  us  as  fact,  that  is,  if  we  were  in  a 
position  to  outlive  such  an  alternation,  then  the  belief  in  the  uniform-^ 
ity  of  time  relations  would  soon  cease. 

Every  one  would  subscribe  lo  the  last  of  these  four  theses,  im-' 
mediately  upon  such  a  chaos  being  admitted  to  be  a  possibility  of 
thought;  that  is,  he  would  unless  he  shared  the  rationalistic  con- 
viction that  our  thought  eonstltutes  an  activity  absolutely  inde- 
pendent of  all  experience.  We  must  simply  accept  this  conclusiou 
on  the  ground  of  the  previous  discuBiion  and  of  a  point  still  to  be 
brought  forward. 

If  we  grant  this  conclusion,  however,  then  it  follows,  on  the 
ground  of  our  previous  demonstraLioii  of  the  reproductive  and 
recognitive,  as  well  as  thought  elements  involved  in  the  uniform 
sequence,  that  the  irregularity  in  Ihe  appearance  of  the  events, 
assumed  in  such  a  chaos,  can  bring  about  an  absolutely  relationless 
aUenmtiuu  of  itnpresaions  for  the  subject  that  we  should  prwuppoge 
to  l>c  doing  the  pi^reciving.  If  we  slili  wimIi  |4>  call  it  [XTccption,  it 
would  rcmuu  only  a  perception  in  which  no  component  of  its  con- 
tent could  l»e  related  to  the  others,  a  peremption,  therefore,  in  which 
not  even  the  synthesis  of  (he  several  perception  contents  could  l>e 
apprehended  as  such.  Hiat  is,  every  combination  of  the  different 
peroei}tion  contents,  by  which  they  become  components  of  one  and 
the  same  perception,  presupposes,  as  we  have  ficen,  those  repro- 
ductive and  recognitive  acts  in  re\ival  which  arc  possible  only  where 
uniformities  of  succession  (and  of  coexistence)  exist.  Again,,  every 
act  of  at1«ntion  involved  in  identifying  and  liiscrirainating,  which 
likewise  we  have  seen  to  be  possible  only  if  we  pnsuppoee  unifonn- 
iliea  in  the  given  contents  of  perception,  must  necessarily  disappear 
when  we  presuppose  the  chaotic  content;  and  yet  they  remaiii 
essential  to  the  very  idea  of  such  a  ehaoe.  A  relationless  chaos  is 
after  all  nothing  else  than  a  s^'stem  of  relations  thought  of  without 
relations!  That  the  same  contradiction  obtains  also  in  the  mere 
mental  picturing  of  a  manifold  of  chaotic  impreauons  reeds  no 
discussion;  for  the  productive  imagination  as  weU  as  the  reproduct- 
ive is  no  less  dependent  than  is  our  perceptive  knowledge  upon  the 
reproductive  recognition  and  upon  the  processes  of  identifying  and 
discriminating. 

Thvs  the  mental  image  of  a  ohaoe  could  be  formed  only  through 
an  extended  process  of  ideation,  which  ilwU  pmupposes  as  activtt 
in  it  all  that  must  be  denied  through  the  very  nature  of  the  image, 
A  relationless  knowledge,  a  relatioulees  abstraction,  a  relalionteM 
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reproduction  or  recognition,  a  relationless  idenLification  or  dUcrim- 
inatioD,  in  short,  a  relationless  thought,  are,  as  phrases,  one  and 
all  mere  contradictions.  We  cannot  picture  "tlirough  oiu*  relating 
thought,' '  to  use  Helmholtz's  expression,  nor  even  in  our  imagination, 
the  sense  impressions  that  we  should  have  if  our  thought  were  re- 
lationless, that  is,  were  nullified  in  its  very  components  and  presup- 
positions. In  the  case  of  Helmholtz's  two  dimensional  beings,  the 
question  at  issue  was  not  regarding  the  setting  aside  of  the  conditions 
of  our  thought  and  the  substituting  conditions  contradictory  to 
them,  but  regarding  the  setting  aside  of  a  part  of  the  content  of  our 
sense  intuition,  meanwhile  retaining  the  conditions  and  forms 
peculiar  to  our  thought.  In  this  case,  therefore,  we  have  a  permissible 
fiction,  whereas  in  BdiU's  chaos  we  have  an  unthinkable  thought. 

Again,  tlie  sense  impressions  that  must  be  prcsupjwscd  in  an 
inherently  relationlosa  chaos  have  no  possible  relation  to  the  world 
of  our  perception,  whose  components  are  universally  related  to 
each  other  through  the  uniformities  of  their  coexistences  and  ae^ 
quences.  Accoidin^y,  the  remark  with  which  Helmholts  concludes 
tbe  passage  above  quoted  holds,  mutatit  mufomfu,  here  also.  "  If  there 
is  no  sense  impression  known  that  stands  in  relation  to  an  event 
which  has  never  been  obser\'ed  (by  us),  as  would  be  the  case  for  us 
were  there  a  motion  toward  a  fourth  dimen»on,  and  for  thoae  two 
dimensional  beings  were  there  a  motion  toward  our  third  dimenaon; 
then  it  follows  that  such  an  '  idea '  ia  impossible,  as  much  so  as  that 
ft  man  completely  blind  from  childhood  should  be  able  to  'imagine' 
the  colors,  if  we  could  give  him  too  a  conceptual  description  of  them." 

Hence  the  firat  of  the  theses  in  which  we  summed  up  Stuart 
Mill's  assumptions  must  be  rejected.  With  it  go  also  the  second  and 
third.  In  this  case  we  need  not  answer  the  question:  In  how  far 
do  these  theses  correspond  to  Mill's  own  statements  regarding  the 
absolute  surety  and  universality  of  the  causal  law? 

We  have  now  found  what  we  sought,  in  order  to  establish  as  a 
valid  assertion  the  seeming  paradox  in  the  proof  of  the  necessity 
that  we  ascribe  to  the  relation  between  cause  and  effect.  We  have 
proved  that  the  sjwumption  of  a  completely  irregular  and  therefore 
pelationlesa  alternation  of  impressions  contradicts  not  only  our 
experience,  but  ex-en  the  conditions  of  our  thought;  for  these  pre- 
suppose the  uniformities  of  the  Impressions,  and  consequently  oiir 
ability  to  relate  ihem,  all  which  was  eliminated  from  our  hyi>othetical 
chaos.  Hence  we  have  also  established  that  a  necessary  relation  Is 
implied  in  the  thought  of  a  constant  sequence  of  events,  which 
makes  the  uniformly  following  b  really  dependent  upon  the  uniformly 
preceding  a. 


From  still  another  side,  we  can  make  clear  the  neeeewty  asserted 
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in  the  relation  of  cause  and  effect.  We  found  that  the  conDection 
between  each  definite  cause  and  \ta  effect  is  an  empirically  ajnithetic 
one  and  has  as  its  warrant  merely  experience.  We  saw  further  that 
the  necessity  inherent  in  the  causal  connection  contains  merely  the 
demand  that  there  shall  be  something  fundamental  in  the  constantly 
preceding  a  which  makes  the  appearance  of  ii  necessary;  not,  however, 
that  it  informs  us  what  this  efKcacy  really  is,  and  hence  also  not  that 
it  informs  us  how  this  efficacy  brings  about  its  effect.  Finally,  we 
bad  to  urge  that  everj*  induction,  the  roost  general  no  less  than  the 
most  particular,  depends  upon  the  presupposition  that  the  same 
causes  will  be  given  in  the  reality  not  yet  obser^'ed  as  in  that  already 
obserx-e*!.  This  expectation  is  warranted  by  no  necessity  of  thought, 
not  even  by  that  inx-olved  in  the  relation  of  cause  and  effect;  for 
this  relation  begins  for  future  experience  only  when  the  presup- 
position that  the  same  causes  will  be  found  in  it  is  assumed  as  ful- 
filled.' This  expectation  is  then  dependent  solely  upon  previous 
experience,  whose  servants  we  are,  whose  lords  we  can  never  be. 
Therefore,  overj*  induction  is  an  hypothesis  requiring  the  verification 
of  a  broader  experience,  since,  in  its  work  of  widening  and  completing 
our  knowledge,  it  leads'  us  beyond  the  given  experience  to  a  possible 
one.  In  this  respect  we  can  call  all  inductive  thought  empirical, 
tliat  is,  thought  that  begins  with  experience,  is  directed  to  experience, 
and  in  its  results  is  referred  to  experience.  The  office  of  this  progress- 
ing empirical  thought  is  accordingly  to  form  hj'pothcses  from  which 
the  data  of  perception  can  be  rcgressivcly  deduced,  and  by  means  of 
which  they  can  be  exhibited  as  cases  of  known  relations  of  our  wcU- 
ordercd  experience,  and  thus  can  be  explained. 

The  way  of  forming  hypotheses  can  be  divided  logically  into 
different  aoetions  which  can  readily  be  made  clear  by  an  example. 
The  police  ma^strate  finds  a  human  corpse  under  circumstances 
that  eliminate  the  possibiUty  of  accident,  natural  death,  or  suicide; 
in  short,  that  indicate  an  act  of  violence  on  the  part  of  another  man. 
The  general  hypothesis  that  be  has  here  to  do  with  a  crime  against 
life  forms  the  guide  of  his  investigation.  The  result  of  the  circum- 
stantial evidence,  which  we  presuppose  as  necessary,  furnishes  then 
a  special  hypothesis  as  following  from  the  general  hypothesis. 

It  is  clear  that  this  division  holds  for  all  cases  of  forming  hypo- 
theses. A  general  hypothesis  servra  every  special  bypothcais  as  a 
heuristic  principle.  In  the  former  we  Domprehend  thecauaal  explan- 
ation indicated  iramodlately  by  the  facta  revealed  to  our  peroepiinn 


>  Tlie  only  ampiricum  vhicb  can  mamtAin  that  the  Mmc  cauMS  would,  in  eoa- 
(onnitjr  wHh  tiM  cawsl  law,  be  oiveo  to  the  unotwervKl  naUlv,  i>  onn  which  pt)t« 
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pemptlon  aa  ita  tnembets.  Such  a  vi«w  la  not  b>  V-n  rniiri<l  in  Mil);  and  It  itiuida 
ao  eotnplcrtHv  in  Uie  wav  of  all  further  anaJysia  r-  •  hv  vvvry  wrvr-ption 

ol  •nou  that  ao  aUoatbu  baa  been  paid  in  the  t<  .  1 1  oxinme  of  axtrtnai. 
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In  the  special  case.  It  contains,  as  we  might  also  express  it,  the 
genus  to  the  specific  limitations  of  the  more  exact  investigation. 
But  each  of  these  general  hypotheses  is  a  modification  of  the  most 
general  form  of  building  hypotheses,  which  we  havo  already  come 
to  know  as  the  condition  of  the  validity  of  all  inductive  inferences, 
that  is,  08  the  condition  for  the  necessity  of  their  deduction,  and, 
consequently,  as  the  condition  for  the  thought  that  like  causes  will 
be  given  in  the  reality  not  yet  observed  as  in  that  already  observed. 
Wc  have  further  noticed  that  in  this  most  general  form  of  building 
hypothoBwt  there  lie  two  distinct  and  different  valid  assumptions: 
beside  the  empirical  statement  that  like  causes  will  be  given,  which 
gives  the  inductive  conclusion  the  hj-pothctieal  form,  there  stands 
the  judgment  that  like  causes  bring  forth  like  cffecta,  a  corollary  of 
the  causal  law.  The  real  dependence  of  the  efTect  upon  the  cause, 
presupposed  by  this  second  proposition  and  the  undcriying  causal 
inw,  is  not,  as  was  the  other  assumption,  an  h>'pothe8ia,  but  a  neces- 
sary reqniremont  or  poshtlaie  of  our  thought.  Its  necessity  arises  out 
of  our  thought,  because  our  experience  reveals  uniformity  in  the 

juence  of  e\'ents.  From  this  point  of  view,  therefore,  the  causal 
iw  appears  as  a  postulate  of  our  thought,  grounded  upon  the  uiii- 
formity  in  the  sequence  of  events.  It  underlies  every  special  case  of 
constructing  hypotheses  as  well  as  the  expectation  that  like  causes 
will  be  given  in  the  reality  not  yet  obsen'ed. 

Mill's  logic  of  induction  contains  the  same  fault  aa  that  already 
present  in  Hume's  psycholo^cal  theory  of  cnuse.  Hume  makes 
merely  the  causal  law  itself  responsible  for  our  inductive  inferences, 
and  accordingly  (as  Mill  likewise  wrongly  assumes)  for  our  inferences 
in  general.  But  we  recopnije  how  rightly  Mill  came  to  assert,  in 
contradiction  to  his  empiristic  presuppositions,  that  the  causal  law 
offers  "an  undoubted  assurance  of  an  invariable,  universal,  and 
unconditional,"  that  is,  necessary,  sequence  of  evcntfl,  from  which 
no  seeming  irregularity  of  occurrence  and  no  gap  in  our  experience 
can  lead  us  astray,  as  long  as  experience  offers  uniformities  of  se- 
quence. 

Rationalism  is  thus  in  the  right,  when  it  regards  the  nece*!«ar>* 
connection  aa  an  eesonti&l  characteristic  of  the  relation  between 
cause  and  effect,  that  is,  recognizes  in  it  a  relation  of  real  depenrlencc. 
At  this  point  Kant  and  SeJiopcnhauer  have  had  a  profounder  insight 
than  Hume  and  Stuart  Mill.  Especially  am  I  glad  to  be  in  agreement 
with  Lotzo  on  a  point  which  he  reached  by  a  different  route  and 
from  essentially  different  preauppositions.  Lotze  distinguishes  in 
pure  lo^e  between  postulates,  hypotheses,  and  fictions.  He  does 
not  refer  the  term  "postulate"  exclusively  to  the  causal  law  which 
ivcms  our  entire  empirical  thought  in  its  formation  of  hypotheses, 

it  pvcs  the  term  a  wider  meaning.  "  Postulates  "  are  only  corollaries 
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from  thu  inductive  ftindanicnlal  fomi  of  all  hypothesis  construction, 
and  correspond  cascnually  to  whal  we  have  called  general  or  heuristic 
hypotheses.  Hie  detorniination  of  the  validity  of  these  postulates, 
however,  implies  the  position  to  be  assignetl  to  the  causal  law  and 
therefore  not  to  those  heuristic  hypotheses.  "  The  postulate  ia  not  an 
assumpLion  that  we  can  make  or  refrain  from  making,  or,  again,  in 
vhoee  place  wc  can  sulistilute  another.  It  is  rather  an  (absolutely) 
neceesaiy  aasumption  without  which  the  content  of  tlic  view  at 
issue  would  contradict  the  laws  of  our  thought."  * 

Still  the  docisiOD  that  wc  have  reached  is  not  on  this  account  Jn 
favor  of  rationalism,  as  this  is  represented  for  instance  by  Kant  and 
bis  successors  down  to  our  own  time,  and  professed  by  Lotzc  in  the 
pas8agc  quoted,  when  he  speaks  of  an  absolute  necessity  for  thought. 
Wc  found  that  the  causal  law  requires  a  necessary  connection  be- 
tween events  given  us  in  constant  sequence.  It  is  not,  however, 
on  that  account  a  law  of  our  thought  or  ol  a  "  pure  underetaading  " 
which  would  be  absolutely  independent  of  all  experience.  When  we 
take  into  consideration  the  evolution  of  the  organic  world  of  which 
we  are  members,  then  we  must  say  that  our  intellect,  thai  is,  our 
ideation  and  with  it  our  sense  perception,  has  evolved  in  us  in  ac- 
cordance with  the  influeuces  to  w'hich  we  have  been  subjected.  The 
common  elemt-nts  in  the  different  contents  of  perception  which  have 
arisen  out  of  other  |)sychical  elementa,  seemingly  first  in  the  brute 
world,  are  not  only  an  occauon,  but  also  an  eflicient  cause,  for  the 
evolution  of  our  pmcesses  of  reproduction,  in  wliich  our  memory 
and  imugination  as  well  as  our  knowledge  and  thought,  psycholog- 
ically considered,  come  to  pass.  The  causal  law,  which  the  critical 
analyBis  of  tlic  material-scientific  methods  sliows  to  be  a  funda- 
mental ctuidilion  of  eniptrical  thought,  in  its  n-quirement  that  the 
events  stand  as  causes  and  effects  in  necessary  connection,  or  real 
dependence,  comprehends  these  uniform  contents  of  perception 
only  in  the  way  peculiar  to  our  thought. 

Doubtless  our  thought  gives  a  connection  to  experience  through 
this  its  requirement  which  experience  of  itself  could  not  offer.  The 
necessary  connection  of  effect  with  cause,  or  the  real  dependence  of 
the  former  upon  the  latter,  is  not  a  component  of  possible  percep- 
tion. Tliis  requirement  of  our  thought  does  not,  however,  become 
thereby  independent  of  the  perceptive  elements  in  the  presupposi- 
tions involved  in  the  uniformity  of  sequence.  The  a  priori  in  Uw 
sense  of  "innate  ideas,"  denoting  either  these  themselves  or  anatH 
solutely  a  priori  conformity  to  law  that  underlies  them,  for  instanctt, 
our  "spontaneity,"  presupposes  in  principle  that  our  "soul"  is  an 
iodependently  existing  substance  in  the  traditional  metaphynoU 
sense  down  to  the  time  of  Locke.  Kant's  rationalistic  sucMSMUS, 
'Xrfijric,  1874,  baeh  n,  kap.  vS6. 
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for  the  mnflt  part,  lost  night  of  tho  f&ct  that  Kant  hod  retainotl  thcec 
old  mctaphvHical  aseumpUons  in  hia  inlcrprotation  of  the  tran- 
seendcDtal  conditions  of  empirical  int4?raction  and  in  his  cosmo- 
logical  doctrine  of  freedom.  The  common  root  of  the  acnsihility  and 
of  the  iindcraianding  as  the  higher  faculty  of  knowledge  remains  for 
Kant  the  substantial  force  of  the  soul,  which  exprcfses  itself  (just  as 
in  I-eihnitK)  as  via  paaaira  and  vis  acHva.  The  modern  doctrine  of 
evolution  hos  entirely  removed  the  foundation  from  this  rationalism 
vhich  had  been  undermined  ever  since  Locke's  criticism  of  the  tra- 
ditional concept  of  aubstance. 

To  refer  again  brieliy  to  a  second  point  in  which  the  foregoing 
results  differ  from  the  Kantian  rationalism  as  well  as  from  empiricism 
since  Hume:  The  postulate  of  a  necessarj'  connection  between 
cause  and  effect,  as  we  have  seen,  in  no  way  implies  the  coneequeDce 
that  the  several  inductions  lose  the  character  of  hypotheses.  This 
docs  m)t  follow  merely  fmni  the  fact  that  all  inductions  besides  the 
cauBal  law  include  the  hypothulical  thought  ihat  the  same  causes 
will  be  given  in  t-he  reality  not  yet  ob8er\'ed  as  appear  in  that  already 
observed.  Tlie  hypDtliet.ical  character  of  all  inductive  infen-nces  is 
rather  revealed  through  llie  circumstance  tlmt  in  the  causal  postulate 
absolutely  nothing  is  contained  rcganling  what  the  eflicacy  in  the 
causes  isj  and  how  this  efficacy  arises. 

Only  such  consequences  of  the  foregoing  interpretation  of  the 
causal  law  and  of  its  position  as  one  of  the  bases  of  all  scicntifie  ron- 
struction  of  hypotheses  may  be  pointed  out,  in  conchisioit,  as  will 
help  CO  make  easier  the  underatanding  of  the  interpretation  itself. 

The  requirement  of  a  necessary  connection,  or  dependence,  is 
added  by  our  thought  to  the  reproductive  and  recognitive  presup- 
positions that  are  contained  in  the  uniformity  of  the  sequence  of 
events.  If  this  noceasary  connection  be  taken  objectively,  then 
lit  reveals  as  its  correlate  the  requirement  of  a  real  depenrience  of 
effect  upon  cause.  We  come  not  only  upon  often  and  variously 
used  rationalistic  thoughts,  but  also  upon  old  and  unchangeable 
eomponcnts  of  all  empirical  scientific  thought,  when  we  give  the 
naine  "  force  "  to  the  efficacy  that  underlies  causes.  The  old  postu- 
late of  a  dynamic  intermediary  between  the  event*"  that  follow  one 
another  constantly  retains  for  ua,  therefore,  its  proper  meaning. 
We  admit  without  hesitation  that  the  word  "  force  "  suggests  fetish- 
ism more  than  do  the  words  "cause"  and  "effect;"  but  we  do  not 
sec  how  this  can  to  any  degree  be  used  as  a  counter-argimient.  All 
words  that  were  coined  in  the  olden  time  to  express  thoughts  of  the 
;tical  Weilanschauung  have  an  archaic  tang.  Likewise  all  of  our 
eience  and  the  greater  part  of  our  nomenclature  have  arisen  out  of 
the  sphere  of  thought  contained  in  the  practical  Welianschauw^, 
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which  centred  enrly  in  ft'tishiBm  and  related  thoughts.  If,  thon,  w" 
tr>*  to  free  our  Bcieniific  termJnotogj'  from  such  words,  we  must 
seek  refuge  io  the  Utopia  of  a  Hngua  univerBolis,  in  short,  we  must 
endeavor  to  speak  a  language  which  would  make  science  a  secret 
of  the  few.  Or  will  any  one  Berioualy  maintain  that  a  thought  which 
belongs  to  an  ancient  sphere  of  mental  life  must  be  false  for  the 
very  reason  that  it  is  ancient? 

In  any  case,  it  is  fitting  that  we  define  more  closely  the  sense 
in  which  we  are  to  regard  forces  as  the  dynamic  intermediaries  of 
uniform  occurrence.  Force  cannot  be  given  as  a  content  of  |>erception 
'either  llirough  our  senses  or  through  our  consciousness  of  self; 
in  the  case  of  the  former,  not  in  our  kinesthetic  sensations,  in  the 
case  of  the  latter,  not  in  our  conecioueness  of  volition.  Volition 
would  not  include  a  consciousnesK  of  force,  even  though  we  were 
justified  in  regarding  it  as  a  simple  primitive  psychosis,  and  were  not 
compelled  rather  to  regard  it  as  an  intricate  collection  of  feelings 
and  sensations  as  far  a«  these  elementary  forma  of  consciousness  are 
connected  in  thought  with  the  phenomena  of  reaction.  Again, 
forces  cannot  he  taken  as  ohjcct.s  that  arc  derived  as  postible  peroop- 
Mons  or  after  the  analogy  of  posKible  perceptions.  The  postulate  of 
our  thought  through  which  these  forces  arc  derived  from  the  facte 
of  the  uaifonn  sequence  of  events,  reveals  them  as  limiting  notions 
{Grentbcgriffe) ,  as  specializations  of  the  necessary  connection  be- 
tween cause  and  effect,  or  of  the  real  dependence  of  the  former  upon 
the  latter;  for  the  manner  of  their  causal  intermediation  la  in  no  way 
given,  rather  they  can  be  thought  of  only  as  underlying  our  percep- 
tions. They  are  then  in  fact  qualitatn  oceuHae ;  but  they  are  such 
only  bi'cause  the  concept  of  quality  is  taken  from  the  contents  of 
our  sense  and  self  perception,  which  of  course  do  not  contain  the 
necessary  connection  required  by  our  thought.  Whoever,  therefore, 
requires  from  the  introduction  of  forces  new  contents  of  percep- 
tion, for  instance,  new  and  fuller  mechanical  picture-s,  expeets  the* 
impossible. 

The  contempt  with  which  the  assumption  of  forces  meets^  on 
the  part  of  those  who  make  this  demand,  is  accordingly  easily 
understood,  and  still  mure  easily  is  it  undcratood,  if  one  takes  into 
consideration  what  confutnunof  conceptA  has  arisen  through  the  une 
of  the  ti-nu  "  force  "  and  what  obstacles  the  assumption  of  forces  has 
put  in  the  way  of  the  material  sciencce.  It  must  be  frankly  admitted 
that  this  concept  delayed  for  centuries  both  in  the  natural  and  moral 
sciences  the  nece!K<ary  analysis  of  the  complicated  phenomena 
forming  our  data.  Under  the  influence  of  the  "  concept  philosophy  " 
it  CBU5e<l,  over  and  over  again,  the  setting  aside  of  the  problema 
of  this  analytical  empirical  thought  as  soon  as  their  solution  bad 
been  begun.  This  misuse  cannot  but  make  suspicious  from  the  very 
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start  every  new  fonn  of  maint«ining  that  forces  underlie  causa- 
tion. 

However,  misttsc  proves  as  little  here  ag^nst  a  proper  u£o  as  it 
does  in  other  oases.  Moreover,  the  scruples  that  we  found  arising 
from  the  standpoint  of  empiricism  against  the  assumption  of  forces 
are  not  to  the  point.  In  assuming  a  dynamic  intermediary  between 
cause  and  effect,  we  are  not  doubling  the  prnhlems  whose  sohition  is 
incumbent  upon  the  acienrrs  of  facts,  and  still  less  is  it  true  that  our 
assumption  must  lead  to  a  logical  circle.  That  is,  a  comparison 
with  the  ideas  of  the  old  concept  philosophy,  which  even  In  thr 
Ajistotftlian  doctrine  contain  such  a  duplication,  is  not  to  the  point. 
Those  ideas  are  hypostasized  abntracttons  which  arc  taken  from  thr 
uniformly  coexisting  ehnractcristics  of  objcri*.  Forces,  on  the  other 
hand,  arc  the  iropcrceivablc  relations  of  <lependcncc  which  we  must 
presuppoec  between  eventa  that  follow  one  another  uniformly,  if  th<> 
\iniformity  of  this  sequence  in  to  become  for  us  either  thinkable  or 
conceivable.  The  problems  of  material  acientifie  research  arc  not 
doubled  by  this  presupposition  of  a  real  dynamic  dependence,  be- 
cause it  introduces  an  element  not  contained  in  the  data  of  percep- 
tion which  pvc  these  problcina  their  point  of  departure.  This  pre- 
supposition does  not  renew  the  thought  of  an  analytic  rational 
connection  between  cause  and  eBfect  which  the  concept  philosophy 
involves;  on  the  contrary,  it  remains  true  to  the  principle  made 
practical  by  Hume  and  Kant,  that  the  real  connection  between 
causes  and  their  effects  is  determinable  only  through  experience. 
that  is,  empirically  and  synthetically  through  the  actual  indication 
at  the  eventa  of  uniform  sequence.  How  these  forces  are  constituted 
and  work,  we  cannot  know,  since  our  knowledge  is  confined  to  the 
material  of  perception  from  which  aa  a  basis  preiientatiou  ha.i  de- 
veloped into  thought.  The  insight  that  we  have  won  from  the  limit" 
ing  notion  of  force  helps  us  rather  to  avoid  the  misuse  which  has 
been  made  of  the  concept  of  force.  A  fatal  circle  first  arises,  when  wc 
use  the  unknowable  forces  and  not  the  knowable  eventa  for  the 
purpose  of  explanation,  that  is.  when  we  cut  off  short  the  empirical 
anatysb  which  leads  ad  infinituyn.  Tu  explain  does  not  mean  to 
deduce  the  known  from  the  unknown,  but  the  particular  from  the 
general.  It  was  therefore  no  arbitrary  judgment,  but  an  impulse 
conditioned  by  the  verj*  nature  of  our  experience  and  of  our  thought, 
that  made  man  early  regard  the  causal  connection  as  a  dynamic 
one.  even  though  his  conception  was  of  course  indistinct  and  mixnl 
with  confusing  additions. 

The  concept  of  force  remains  indispensable  also  for  natural  scien- 
tific thouglii,  It  is  involved  with  the  causal  law  in  every  attempt  t^ 
form  an  hypothesis,  and  accordingly  it  is  already  present  in  every 
description  of  fact«  which  goes  by  means  of  memory  or  abstraction 
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beyond  Iho  immediately  given  content  of  present  porcoption.  In 
introducing  it  wr  have  in  mind,  moreover,  that  the  fnumlationB  of 
evcrr  possible  inierpretation  of  nature  possess  a  dynamic  character, 
just  because  all  empirical  ihnughi ,  in  this  field  a»  well,  is  subordinate 
to  the  causal  law.  Tiiis  must  be  admitted  by  any  one  who  assumes 
as  indispensable  aids  of  natural  science  the  mechanical  figtires 
through  which  we  reduce  the  events  of  sense  perccptJcn  to  the  mo- 
tion of  mass  particles,  that  is.  through  which  we  associate  these 
events  with  the  elements  of  our  Wsual  and  tactual  perception.  All 
formulations  of  the  concept  of  mass,  even  when  they  are  made  so 
formal  as  In  the  definition  given  by  Heintich  Hertz,  indicate  dynamic 
interpretations.  Whether  the  impelling  forces  arc  to  be  thought  of 
in  particular  as  Torees  acting  at  a  distance  or  as  forces  acting  through 
collision  depends  upon  the  answer  to  the  question  whether  we  have 
to  assume  the  dynamic  mass  particles  as  filling  space  disconlinuoualy 
or  continuously.  The  dynamic  basis  of  our  interpretation  of  nature 
will  be  seen  at  once  by  any  one  who  is  of  the  opinion  that  vre  can  make 
the  connection  of  events  intelli^ble  without  the  aid  of  mechanical 
figures,  for  instance,  in  terms  of  energj'. 

Thus  it  results  t  hat  we  interpret  the  events  following  one  another 
immediately  and  uniformly  as  causes  and  effects,  by  presupposing 
as  fundamental  to  them  forces  that  are  the  necessary  means  of  their 
uniformity  of  connection.  What  we  coll  "laws"  are  the  judgments 
in  which  we  formulate  these  causal  connections. 

A  second  and  a  third  consequence  need  only  be  mentioned  here. 
The  hypothesis  that  interprets  the  mutual  connection  of  psychicaJ 
and  physical  vital  phenomena  as  a  causal  one  is  as  old  as  it  is  natural. 
It  is  natural,  l>eeanse  even  simple  nbser\'ation5  assure  us  that  the 
mental  content  of  perception  lolloux  uniformly  the  instigating 
physical  stimulus  and  the  muscular  movement  the  instigating 
mental  content  which  we  apprehend  as  will.  We  know,  however, 
that  the  physical  events  which,  in  raising  the  biological  problem,  we 
have  to  set  beside  the  peychicaJ,  do  not  take  place  in  the  periphery  of 
our  ner\'0us  system  and  in  our  musclce,  but  in  the  central  nervous 
system.  But  we  must  assume,  in  accordance  with  all  the  psycho- 
physiological data  which  at  the  present  time  arc  at  our  disposal,  that 
these  events  in  our  central  nervous  system  do  not  follow  the  cor- 
responding psychical  events,  but  that  both  series  have  their  course 
simultaneously.  We  have  here,  therefore,  instead  of  the  real  relatioa 
of  dependence  involved  in  constant  sequence,  a  real  dependence  of 
the  simultaneity  or  correlative  series  of  events.  This  would  not,  of 
eonrse.  as  should  be  at  once  remarked,  tell  as  such  aieainftt  a  causal 
connection  between  the  two  separate  causal  series.  But  the  mnt«8t 
parailflistic  interpretation  of  this  dependence  is  made  far  moi 
probable  through  other  grounds.  These  are  id  part  corollaries  of  the 
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law  of  the  eonsprvfllion  of  energy,  rightly  interpreted,  and  in  port 
f^lstemological  considerations.  Still  it  is  not  advisable  to  burden 
methodological  study,  for  instan(^o,  the  theory  of  induction,  with 
those  remote  problems;  and  on  that  account  it  is  better  for  our 
present  investigation  to  subordinate  the  psychological  interdepend- 
ences to  the  causal  ones  in  the  narrower  sense. 

The  final  consequence,  too,  that  forces  itiwlf  upon  our  attention 
is  elos^e  at  hand  in  the  preceding  discussion.  The  tradition  prevailing' 
since  Hume,  together  nith  its  inherent  opposition  to  the  inter- 
pretation of  eansal  cooncction  given  by  the  concept  philosophy, 
permitted  us  to  make  the  uniform  sequences  of  events  the  bnaU  of 
OUT  discussion.  In  so  doing,  hon-ever,  our  attention  had  to  be  called 
repeatedly  to  one  reservation.  In  fact,  only  a  moment  ago,  in  allud- 
ing to  the  pByt'hoIogifjd  interdependenees,  we  had  to  emphasize 
the  uniform  sequniee.  Klsewhcre  the  arguments  depended  upon 
the  uniformity  that  characterijes  this  sequence;  and  rightly,  for  the 
reduction  of  the  causal  relation  to  the  fundamental  relation  of  the 
sttiuence  of  events  is  merely  a  convenient  one  and  not  the  only  pos- 
sible one.  Ab  soon  as  we  regard  the  causal  connection,  along  with 
the  opposed  and  equal  reaction,  as  an  interconnection,  then  cause 
and  effect  become,  as  a  matter  of  principle,  simultaneous.  Tlie  sep- 
aration of  interaction  from  causation  is  not  justifiable. 

In  other  ways  also  we  can  so  transform  every  causal  relation 
that  cause  and  effort,  must  bo  regarded  as  simultaneous.  Every 
atoge,  for  instance,  of  the  warming  of  a  stone  by  the  heat  of  the 
sun.  or  of  the  treaty  conferences  of  two  states,  presents  an  effect 
that  is  simultaneovis  with  the  lolatity  of  the  acting  causes.  The 
analysis  of  a  cause  that  was  at  first  grasped  as  a  whole  Into  the 
multiplicity  of  its  constituent  causes  and  the  comprehension  of 
the  constituent  causes  into  a  whole,  which  then  presents  itself  aa 
the  effect,  is  a  necessary  condition  of  such  a  type  of  investigation, 
This  conception,  which  \s  present  already  In  Hobbes,  but  especially 
in  Herbart's  "method  of  relations,"  deserves  preference  always 
where  the  purpose  in  view  is  not  the  shortest  poedble  argumentatioti 
but  the  most  exact  analyws. 

If  we  turn  our  attention  to  this  way  of  viewing  the  problem,  — 
not,  however,  in  the  form  of  Herbart's  speculalive  method,  —  we 
shall  find  that  the  n^ulta  which  we  have  gained  will  in  no  respect  be 
altered.  We  do.  however,  get  a  view  beyond.  From  it  we  can  find 
the  way  to  autwrdinatc  not  only  the  uniform  sequence  of  events, 
but  also  the  pereistent  characterisli ca  and  states  with  their  mutual 
relations,  under  the  extended  causal  law.  In  so  doing,  we  do  not 
fall  back  again  into  the  intellectual  world  of  the  concept  philosophy. 
We  come  only  to  regard  the  persisting  eoerixtcncca  —  in  the  physical 
field,  the  bodies,  in  the  p^ycbicalj  the  subjects  of  conaciousneas  —  as 
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syBlcona  or  modes  of  activity.  The  Lhoughts  to  which  such  a  doctrine 
leftda  are  accordingly  uut  new  or  unheard  uf.  The  substances  have 
alwaj'S  been  reganleJ  a&  sources  of  modes  of  activity.  We  have  hero 
merely  new  modifications  of  thoughts  that  have  been  variou»ly  dt>- 
veloped,  not  only  from  the  side  of  empiricism,  but  also  frmu  that 
of  rationalism.  They  carry  with  them  methodologically  the  implica- 
tion that  it  is  poeuble  to  grasp  the  totality  of  reality,  as  far  as  il 
reveals  uniformities,  as  a  cauaally  comiected  whole,  as  a  coemu&H 
Tbey  give  the  research  of  the  special  scieoces  the  conceptual  bases  for 
the  wider  prospects  that  the  sciences  of  facts  have  through  hs 
labor  won  for  themselves.  Ttic  subject  of  consciousness  is  utiitaiy 
far  as  the  processes  of  mcmor}'  extend,  but  it  is  not  simple.  Go  the 
contrary,  it  is  most  intricately  put  together  out  of  psychical  cora^ 
plexes,  themselves  intricate  and  out  of  iheir  relations;  all  of  whicb^S 
impress  upon  us,  psychologically  and,  in  their  mechanical  correlatm, 
physiologically,  an  cvcr-rccurring  need  for  further  empirical  analyj 
Among  the  mechanical  images  of  pliysical  reality  that  form  the^ 
foundation  of  our  interpretation  of  nature,  there  can  Anally  be  but 
one  that  meets  all  the  requirements  of  a  general  hypothesis  of  the 
continuity  of  kinetic  connections.  With  this  must  be  universally 
coordinated  the  persistent  properties  or  sensible  modes  of  action 
bdonging  to  bodies.  The  mechanical  constitution  of  the  compound, 
bodies,  no  matter  at  what  stage  of  combination  and  formation,  must 
be  derivable  from  the  mechanical  constitution  of  the  elements  of  this 
combination.  Thus  our  causal  thought  compels  us  to  trace  back 
the  persistent  coexistences  of  the  so-called  elements  to  combin- 
ations whose  analjrais,  as  yet  hardly  bc^un,  leads  us  on  likewise  to] 
indefinitely  manifold  problems.  Kpistemologtcally  we  come  finally 
to  a  universal  phenomenologicol  dynamism  as  the  fundamental 
basis  of  all  theoretical  interpretation  of  the  world,  at  least  funda- 
mental for  our  scientific  thought,  and  we  are  here  concerned  with 
no  other. 
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There  are  many  dcpartmonta  of  inquiry  whose  scopn  '\s  so  well 
defined  by  the  t»nacnBU8  of  cJcpertH  that  one  may  proceed,  almost 
without  prfliminarj',  to  mark  off  the  boundaries  of  one  science  from 
other  dci>artmcntSp  to  inveatigate  the  relations  in  which  it  stands 
to  them,  and  to  exhibit  the  place  which  each  occupies  in  the  whole 
scheme  of  human  luiowledge.  In  other  departments  opinion  differs 
not  only  regarding  special  problems  and  re^uUa,  but  concerning  the 
whole  nature  of  the  science  and  it£  relation  to  connected  subjects. 
The  study  of  ethics  still  belongs  to  this  latter  group.  In  it  there  is  no 
consensus  of  experts.  Competent  scholars  hold  diametrically  opposed 
views  as  to  its  scope.    They  differ  not  merely  in  the  answers  they 

>.gtve  to  ethical  questions,  but  in  their  views  as  to  wtiat  the  fundamen- 
tal question  of  ethics  is.  And  this  opposition  of  opinion  as  to  its 
luture  is  connected  with  a  difference  of  view  regarding  the  relation 
of  ethics  lo  the  sciences.  By  many  investigators  it  is  set  in  lino 
with  the  sciences  of  biology,  psychology,  and  sociology;  and  its 
problems  are  formulated  and  discussed  by  the  application  of  the  same 
storical  methiHJ  as  those  sciences  employ.    On  the  other  hand,  it  is 

'maintained  that  ethics  imphes  and  requires  a  concept  so  different 
from  the  concepts  used  by  the  historical  and  natural  sciences  as  tu 
give  its  problem  an  altogether  distinct  character  and  to  indicate 


802 

for  it  a  far  more  si^ficaut  po»tioD  in  the  whole  scheme  of  human 
thought. 

The  question  of  the  rolation  of  ethics  to  the  sdences  implies  a  view 
of  the  nature  of  ethicu  itself  and,  in  particular,  of  the  fundamental! 
concept  used  in  etlucal  judgment*.  If  the  nature  of  tliis  concept  anc 
ita  relation  to  the  concepUi  employed  in  other  branches  of  inquiry 
can  be  determined,  tlie  relations  of  ethics  will  become  cli?ar  of  them- 
selves. The  problem  of  this  paper  will  receive  its  most  adequate 
solution  —  00  far  as  the  time  at  my  disposal  permits  —  by  an  in- 
dependent inquiry  into  the  nature  of  the  ethical  concept  in  relation 
to  the  concepts  uaed  in  other  sciences. 

The  immediate  judgments  of  experience  fall  into  two  broadly 
contrasted  classes,  which  may  be  described  in  brief  as  judgmentK 
of  fact  and  judgments  of  worth.  The  former  are  the  Foundations 
on  which  the  whole  edifice  of  science  (as  the  term  is  commonly  used) 
is  built,  Science  has  no  other  object  than  to  understand  the  relation 
of  facts  as  exhibited  in  historical  sequence,  in  catisal  interconnection,' . 
or  in  the  logical  interdependence  which  may  be  discovered  amongst 
their  various  aspects.  In  its  beginnings  it  may  have  iirisen  as  an  aid 
to  the  attainment  of  practical  purposes:  it  is  still  everywhere  yoked 
to  the  chariot  of  man's  desires  and  aims.  But  it  has  for  long 
vindicated  an  indppendent  position  for  Itself.  It  may  be  turned 
what  uses  you  will;  but  its  essential  spirit  stands  aloof  from  the 
lacB,  It  has  one  interest  only,  —  to  know  what  happens  and  how. 
Otheru'ise  it  ii^  indifferent  to  all  purposes  alike.  It  studies  «-ith 
equal  mind  the  slow  growth  of  a  plant  or  the  swift  dcstraction 
MTOUght  by  the  torpedo,  the  reign  of  a  Caligula  or  of  a  Victoria;  it 
takes  no  side^  but  observes  and  describes  all  "just  &»  if  the  question 
were  of  lines,  planes,  and  solids."  .Mathematical  method  does  not 
limit  its  range,  but  it  typifies  its  attittide  of  indifference  to  every 
interest  save  one,  —  that  of  knowing  the  what  and  how  of  things. 

We  can  conceive  an  intelligence  of  this  nature,  a  pure  inteUlgenee, 
or  mere  intelligence,  to  whose  undcrsljuiding  all  the  relations  of 
things  are  evident,  with  the  prophetic  power  of  the  Laplaeian  Demon 
and  the  gift  of  tongiica  to  make  ita  knowledge  clear,  and  yet  unable  to 
distinguish  between  good  and  evil  or  to  see  beauty  or  ugliness  in 
nature.  We  can  conceive  such  an  intelligenw;  but  it  is  on  unn-allty, 
a  mere  abstraction  fmm  the  scientific  aspeet  of  human  intelligmioe. 
Pure  intelligence  of  this  sort  does  not  exist  in  man,  and  we  tiave  no 
grounds  for  asserting  Its  existence  anywhere.  In  the  expcrienee 
which  forms  the  basis  of  mental  life,  judgments  of  renliiy  are  ovefy- 
where  combined  with  and  colored  by  judgments  of  worth.  And  the 
latter  are  as  insi.'9tent  as  the  former,  and  make  up  as  large  a  part  of 
our  experience.  If  we  go  l>ack  to  the  original  judgments  of  nxperi- 
enoe,  we  find  that  they  arc  not  only  of  the  form  "It  is  hero  or  there," 
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"it  is  of  this  nature  or  that,"  "it  haa  such  and  such  effects;"  juat 
aa  a  large  pnrt  of  our  experience  ts  of  aDOther  order  which  may  b« 
cxprcasi^d  in  judgments  of  the  form  "  it  ia  good  or  evi]/'  "  it  is  fair  or 
foul." 

Nor  does  the  way  in  which  ncipnttfic  jiidgnient^s  are  elaborated 
give  any  rationale  of  the  diHtinction  between  gnod  and  evil.  If  we 
ask  of  science  "  What  is  good?  "  it  can  give  no  relevant  answer  to  the 
question.  Strictly  speaking,  it  does  not  understand  the  meaning  of 
the  question  at  all.  The  ball  has  gone  out  of  bounds ;  and  science  can- 
not touch  it  until  it  haa  been  thrown  back  into  the  field.  It  can  say 
what  is,  and  what  will  happen,  and  it  can  describe  the  methods  or 
lawB  by  which  things  como  to  pass;  that  is  all;  it  haa  only  one  law 
for  the  juBt  and  the  unjuat. 

But  srience  is  ver}'  resourceful,  and  is  able  to  deal  with  judgments 
of  worth  from  its  own  point  of  view.  For  these  judgments  also  are 
facts  of  individual  experience:  they  are  formed  by  human  minds 
under  certain  conditions,  betray  certain  relations  to  the  judgments 
iif  fact  with  which  they  are  associated,  and  are  connected  with  an 
environment  of  social  institutions  and  physical  conditions  of  tife: 
they  have  a  history  therefore.  And  in  these  respecta  they  become 
part  of  the  material  for  science:  and  a  description  of  them  can  be 
given  by  psychological  and  historical  methods. 

The  general  nature  and  re8uit.8  of  the  application  of  these  methods 
to  ethics  are  t*io  well  known  to  need  further  comment,  too  well  eatab- 
Itshed  to  require  defense.  But  these  resulta  may  be  exaggerated  and 
have  been  exaf^gerat^.  Wheti  all  haa  been  said  and  done  that  the 
historical  method  can  aay  and  do^  the  question  "What  is  good?" 
is  found  to  remain  exactly  where  it  was.  We  may  have  learned  much 
■a  to  the  way  in  which  certain  kinds  of  conduct  in  certain  circum- 
stances promote  certain  ends,  and  as  to  the  gradual  changes  which 
men's  ideas  about  good  and  evil,  virtue  and  vice,  have  passed  throu|^; 
but  we  have  not  touched  the  fundamental  question  which  ethics  has 
tn  face  —  the  question  of  the  nature  of  worth  or  goodness  or  duty. 

And  yet  it  is  this  question  only  which  gives  significance  to  the 
problems  on  which  historical  evolution  haa  been  able  to  throw  light, 
^oml  ideas  and  morul  itistitutiona  have  all  along  been  effective 

utors  Id  human  development,  as  well  as  the  subject  of  development 
Itemselves.  And  the  secret  of  their  power  has  lain  in  this  that  men 
have  believed  in  those  ideas  as  expressing  a  moral  imperative  or  a 
moral  end,  and  that  they  have  looked  upon  moral  institutbns  as 
embodiments  of  something  which  has  worth  for  man  or  a  moral 
claim  upon  his  devotion.  These  ideas  and  institutions  would  have 
had  no  power  apart  from  this  belief  in  their  validity. 

But  was  this  belief  true?  Were  the  ideas  or  institutions  valid? 
This  question  the  man  of  science,  as  aoeiolo|pBt  or  historian,  docs  not 
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answer  and  has  no  means  of  answcriog.  He  can  show  their  adapta- 
tion or  n*ant  of  adaptation  to  certain  ends,  but  he  can  say  nothing 
about  the  validity  of  these  ends  themselves.  It  is  implied  iii  their 
efficiency  that  these  ends  were  conceived  as  having  moml  value  or 
moral  authority.  But  to  what  ends  does  this  moral  value  or  authority 
truly  belong?  and  what  is  Its  significance?  —  these  are  questions 
which  the  positive  sciences  (such  as  psychology  and  sociology)  can- 
not touch  and  which  must  be  answered  by  other  methods  than  those 
which  they  employ. 

The  moral  concept  is  expressed  in  various  ways  and  by  a  variety 
of  terms,  —  right,  duty,  merit,  ^rtue,  goodness,  worth.  And  these 
different  terms  indicate  different  aspects  opened  up  by  a  single  new 
point  of  view.  Thus  "right"  seems  to  imply  correspondence  with  a 
standard  or  rule,  which  standard  or  rule  is  some  moral  law  or  ideal 
of  goodness;  and  "merit"  indicates  performance  of  the  right, 
perhaps  in  victorj' over  some  conflicting  desire;  and  "virtue"  means 
a  trait  of  character  in  which  performance  of  this  sort  has  become 
habitual.  The  term  "  worth "  has  conveniences  which  have  led  to 
ita  having  considerable  vogue  in  ethical  treatises  since  the  time  of 
Uerbart;  it  lends  itself  easily  to  psychological  manipulation;  but 
it  does  not  seem  to  refer  to  a  concept  fimdnmentally  distinct  from 
goodness.  But  between  "goodness"  and  "duty"  there  seems  to  be 
this  difference  at  any  rate,  that  the  latter  term  refers  definitely  to 
something  to  be  done  by  a  voluntary  agent,  whereas,  in  calling  some- 
thing "good,"  we  may  have  no  thought  of  action  at  all,  but  only 
see  and  name  a  quality. 

There  lies  here  therefore  a  difference  which  is  not  a  mere  difference 
of  expression. 

On  the  one  hand  it  may  bo  held  that  good  is  a  quality  which  be- 
longs to  certain  things  and  has  no  special  and  immediate  reference 
to  volition:  that  wc  say  this  or  that  is  good  as  we  say  that  some- 
thing else  is  heavy  or  green  or  positively  electrified.  No  relation  to 
human  life  at  all  may  be  implied  in  the  one  form  of  judgment  any 
mora  than  in  the  other.  That  relation  will  only  follow  by  way  of 
application  to  circumstances.  Just  as  a  piece  of  lead  may  serve  as 
a  letter-weight  because  it  is  heavy,  so  certain  actions  may  come  to 
be  our  duty  because  they  lead  to  the  realization  of  something  which 
is  objectively  good  in  quality. 

According  to  the  other  view  goodness  has  reference  In  its  primary 
meaning  to  free  self-conscious  agency.  The  good  is  that  which 
ought  to  be  brought  into  existence:  goodness  is  a  quality  of  thinjp, 
but  only  in  a  derivative  regard  because  these  things  arc  produeod 
by  a  good  will,  It  is  objective,  too,  inasmuch  as  it  unites  the  individual 
will  with  a  law  or  ideal  which  has  a  claim  upon  the  will;  but  it  does 
not  in  its  primary  meaning  indicate  something  out  of  relation  to  the 
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will:   if  there  were  no  will  t.here  would  be  no  law;  apart  from  con- 
scious agency  good  and  evil  would  disappear. 

The  qu&stion  thus  raised  is  one  of  real  and  fundamental  import- 
ance. "Ethics"  by  its  very  name  may  seem  to  Imvc  primary  refer- 
ence to  coDcIuct;  and  tbat  is  the  view  which  most  moralists  liave, 
in  one  way  or  another,  adopted.  But  the  other  Wew  which  gives  to 
the  concept  "  good  "  an  independence  of  all  relation  to  volition  is  not 
always  definitely  excluded,  even  by  thcjtc  moralists;  by  others  it 
has  been  dcEnitcly  maintained:  it  seems  implied  in  Plato's  idealism, 
at  one  stage  of  its  development;  and  quite  recently  a  doctrine  of 
principles  of  ethics  has  been  worked  out  which  is  based  on  its 

;iUcit  recognition.* 

If  we  would  attempt  to  decide  between  these  two  conflictiUK 
views  of  the  ethical  concept,  we  must,  in  the  first  place,  imitate  the 
procedure  of  scienoc  and  examine  the  facts  on  which  the  concept 
is  based.  To  get  to  the  meaning  of  such  scientific  concepts  as  "  mas(." 
"energy,"  or  the  Uke^  we  begin  by  a  consideration  of  the  facta  which 
the  concepts  are  introduced  to  describe.  These  facta  are  in  the  last 
resort  the  objects  of  sense  perception.  No  examination  of  these 
aenso  percepts  will,  as  wo  have  seen,  yield  the  content  of  the  ethical 
concept;  good  and  evil  are  not  given  in  sense  perception  —  they  are 
thomaclvca  an  estimate  of,  or  way  of  regarding,  the  immediate 
material  of  experience,  Moral  experience  is  thus  in  a  manner  reflex, 
aa  BO  many  of  the  English  moralists  have  called  it.  Its  attitude  to 
Uungs  is  not  merely  receptive;  and  the  concepts  to  which  it  gives 
rise  have  not  mere  understanding  in  view.  Objects  are  perceived  as 
they  occur;  and  experience  of  them  b  the  groundwork  of  science. 
There  is  also,  at  the  same  time,  an  attitude  of  approbation  or  dia- 
approbation;  this  attitude  is  the  special  oharact«rtstic  of  moral 
experience;  and  from  moral  experience  the  ethical  concept  is  formed. 

This  reflex  experience,  or  reflex  attitude  to  experience,  is  exhibited 
in  diSerent  ways.  There  is,  to  begin  with,  the  appreciation  of  beauty 
in  its  various  kinds  and  degrees  and  the  corresponding  depreciation 
of  ugUneaa  or  deformity.  These  give  rise  to  tlie  concepts  and  judg- 
ments of  BDSthetics.  They  are  cloeely  related  to  mora!  approbation 
and  disapprobation,  so  closely  that  there  has  always  been  a  tendency 
amongst  a  school  of  moralists  to  strain  the  facts  by  identifying  them. 
A  certain  looseness  in  our  use  of  terms  favors  this  tendency.  For 
we  do  often  use  good  of  a  work  of  art  or  even  scene  in  nature  when 
we  mean  beautiful.  But  if  we  reflect  on  and  compare  our  mental 
attitudes  in  cooimending,  say,  a  sunset  and  sclf-eacnfice,  it  seems 
to  me  that  there  can  be  no  doubt  that  the  two  attitudes  are  different. 
Both  objects  may  be  admired;  but  both  arc  not,  in  the  same  aense. 
approved.  It  is  hard  to  express  this  differejicc  otherwise  than  by 
>  Prineipia  Elhka,  by  Q.  E.  Moore  (1903). 
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saying  that  the  moral  attitude  is  present  in  the  one  and  absent  in  the 
other.  But  the  difference  is  brought  out  by  the  fact  that  our  feathet- 
ical  and  moral  attitudes  towards  the  same  experience  may  diverge 
from  one  another.  We  may  admire  the  beauty  of  that  which  we 
condemn  as  immoral.  De  Quincey  saw  a  fine  art  in  certain  caaes 
of  murder;  the  finish  and  perfection  of  wtckednrss  may  often  stir 
a  certain  artistic  admiration,  especially  if  we  lull  the  moral  eense  to 
sleep.  And,  on  the  other  hand,  moral  approval  is  often  tempered 
by  a  certain  lesthetic  depreciation  of  those  noble  characters  who  do 
good  awkwardly,  without  the  ease  and  grace  of  a  gentleman.  John 
Knox  and  Mar>'  Queen  of  Bcots  (if  I  may  assume  for  the  moment 
an  historical  judgment  which  may  need  qualification)  will  e-ach  have 
his  or  her  admirers  according  as  the  moral  or  a-sthctic  attitude 
preponderates  —  the  harsh  tones  of  the  one  appealing  to  the  law 
of  tnith  and  goodness,  the  other  an  embodiment  of  the  beauty  and 
gwety  of  life,  "without  a  moral  sense,  however  feeble." 

Nor  is  esthetic  appreciation  the  only  other  reflex  atUtude  which 
has  a  place  in  our  experience  side  by  side  with  the  moral.  Judgments 
about  matteiB  of  fact  and  relations  of  ideas  are  discriminated  as 
true  or  false;  an  ideal  of  tnith  is  formed;  and  conditions  of  it« 
realization  are  laid  down.  Here  again  wc  have  a  concept  and  class 
of  judgments  analogous  to  our  lesthetical  and  ethical  coneept„t  and 
judgments,  but  not  the  same  as  them,  and  not  likely  to  be  confused 
with  them. 

Bc3ide  these  may  be  put  a  whole  class  of  judgments  of  worth 
which  may  be  described  as  judgments  of  utility.  We  estimatA  and 
approve  or  disapprove  various  facta  of  experience  according  to  their 
tendency  to  promote  or  interfere  with  certain  ends  or  object  of 
de«re.  That  moral  judgments  are  to  be  identified  with  a  speoiiil 
oIbbs  of  these  judgraenta  of  utility  is  a  thesis  too  well  known  to 
require  discussion  hero,  and  too  unportant  to  admit  of  discussion  in 
a  few  words.  But  it  may  be  pointed  out  that  it  is  only  in  a  very 
special  and  restricted  sense  of  the  term  "utility"  that  judgmentA 
of  utility  have  ever  been  identified  with  moral  judgments.  Tha 
"Jimmy"  is  useful  to  the  burglar,  as  his  instruments  are  useful  to 
the  surgeon;  and  they  are  in  both  cases  appreciated  by  the  samfl 
kind  of  reflective  judgment.  Judgments  of  utility  are  all  of  them, 
properly  speaking,  judgments  about  means  to  ends;  and  the  ends 
may  and  do  differ;  while  it  Is  only  by  a  forced  interpretation  that  all 
these  ends  are  sometimes  and  somehow  made  to  roeolve  themsdves 
into  pleastire. 

It  is  enough,  however,  for  my  present  purpose  to  reoognixe  the 
prima  ^acU  distinction  of  moral  judgments  or  Jtidgments  of  goodness 
from  other  Judgments  of  worth,  such  as  those  of  utility,  of  beauty, 
Aod  of  truth  (in  the  sense  in  which  these  last  also  are  Judgments  of 
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worth).  Had  Uie  quoetion  of  the  origin  and  history  of  the  moral 
judgment  been  before  ua,  a  great  dral  more  might  have  b«eQ  necee- 
saiy.  For  our  present  purpose  what  has  been  already  said  may  be 
sufficient:  it  n'as  required  in  order  to  enable  us  to  approach  the 
consideration  of  the  question  already  raised  concerning  the  applica- 
tion and  meaning  of  the  moral  concept. 

The  question  is.  Docs  our  moral  experience  support  the  assignment 
of  the  predicate  "good"  or  "bad"  to  things  regarded  as  quite  inde- 
pondent  of  volition  or  consciousness?  At  first  sight  it  may  seem 
easy  to  answer  the  question  in  the  affirmative.  We  do  talk  of  aun- 
ahioe  and  gentle  rain  and  fertile  land  as  good,  and  of  tornadoes  and 
disease  and  death  as  bad.  But  I  think  that  when  we  do  so,  in  nine 
cases  out  of  ten,  our  "good"  or  "bad"  is  not  a  moral  good  or 
bad;  they  are  predicates  of  utility  or  sometimes  tcsthetic  predicates, 
not  moral  prediuates;  and  we  recognize  this  in  recognizing  their 
relativity:  the  fertile  land  is  called  good  because  its  fertUity  tnakea 
it  useful  to  man's  primary  needs;  but  the  barren  and  rocky  moun- 
tain  may  be  better  in  the  eyes  of  the  tourist,  though  the  farmer 
would  call  it  bad  land.  There  is  au  appreciation,  a  judgment  of 
worth  in  the  most  general  sense,  in  such  experiences;  but  they  are 
in  most  cases  without  the  special  feature  of  moral  approbation  or 
disapprobation. 

There  remains,  however,  the  tenth  case  in  which  the  moral  predi- 
cate does  seem  to  be  applied  to  the  unconscinus.  One  may  instance 
J.  S.  Mill's  passionate  impeachment  of  the  course  of  nature,  in  which 
"habitual  injustice"  and  "nearly  all  the  things  which  men  art- 
hanged  or  iuipriiKined  fur  doing  to  one  another"  are  sfwken  of  as 
"nature's  every-day  performances;"'  and  a  similar  indictment 
was  brought  by  Professor  Uu.xley,  twenty  years  after  the  pubUca- 
tioo  of  Mill's  essay,  against  the  cosmic  process  for  its  encourage- 
ment of  selfisliness  and  ferocity.'  Theee  are  only  examples.  Litera- 
ture is  full  of  similar  reflections  on  (he  indiscrimiDate  slaughter 
wrought  by  the  earthquake  or  the  hurricane,  and  on  the  sight  of  the 
wicked  flouriehing  or  of  the  righteous  begging  bis  bread;  and  these 
reflections  hnd  an  echo  in  the  experience  of  most  men. 

But  the  nature  of  this  experience  calls  for  remark. 

In  the  hrst  place,  if  we  look  more  closely  at  the  arguments  of  Mill 
or  Huxley,  we  see  that  both  are  cases  of  criticism  of  a  philosophical 
theory.  Mill  was  refuting  a  view  which  he  held  (and  rightly  held) 
to  have  influence  still  on  popular  thought,  though  it  might  have 
ceased  to  be  a  living  ethical  theory  —  the  doctrine  that  the  standard 
of  right  and  wrong  was  to  be  found  in  nature;  it  was  in  keeping 
with  hia  purpose,  therefore,  to  speak  of  the  operations  of  nature  as 

>  J,  R.  Mill.  TA«*  Emoum  on  Reluiion,pp.  35,  38. 
■  T.  H.  Huxley.  Em>ha%on  and  SHiiea  (Romuus  L«oture). 
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if  they  were  properly  the  stibjoct  of  moral  praise  or  bluinp,  In  the 
.same  way,  when  Huxley  wrot«,  the  old  doctrine  which  Mill  rt^garded 
as  philosophically  extinct  and  only  sun*i\ing  as  a  popular  error  had 
been  revived  by  the  impetus  which  the  theory  of  evolution  had 
given  to  e\*cry  bnmeh  of  atudy;  and  Huxley  wna  criticwing  the  evo- 
lutionist ethics  of  Spencer  and  others  who  looked  for  moral  guidance 
to  the  course  of  cvohition.  He,  therefore,  was  led  to  speak  of  the 
cosmic  process  as  a  possible  subject  of  moral  predicates,  not  pcces~ 
sarily  because  he  thought  that  application  appropriate,  but  in  order 
to  demonstrate  the  hollowncss  of  the  ethics  of  evolution  by  shomng 
that  if  the  moral  predicate  could  be  applied  at  all,  then  the  appro- 
priate adjective  would  be  not  "good"  but  "bod." 

Perhap3  there  is  more  than  this  in  Huxley;  and  Mill's  expressions 
often  betray  a  direct  and  genuine  moral  condemnatioo  of  the  methods 
of  nature  as  methods  of  wickedness;  and,  still  more  clearly,  this 
immediate  moral  disapproval  may  be  foimd  in  expressions  of  common 
experience  as  yet  uncolored  by  philosophy.  But  if  we  examine  these 
wc  find  that,  while  there  is  no  reference  to  philosophical  theories 
about  nature,  the  things  approved  or  condemned  arc  yet  looked  upon 
as  implying  eoTieciousness.  In  the  lower  stages  of  development  this 
implication  is  simply  animistic;  at  a  later  period  it  l)ecumcs  theo- 
logical. But  thmiighout  experience  moral  judgments  upon  nature  am 
not  passed  upon  mere  nature.  Its  forces  are  regarde»l  as  expresHing  a 
purpose  or  mind;  andit  is  this  that  is  condemned  or  approved.  The 
primitive  man  and  the  child  do  not  merely  condemn  the  misdoings  of 
inanimate  objects;  they  wreak  their  vengeance  upon  them  or  punUh 
them:  and  this  is  a  consequence  of  their  animistic  interpnttation  of 
natural  forces.  (Gradually,  in  the  mental  grnwthof  iheehild.thtsani- 
miatic  interpretation  of  things  gives  place  to  an  understanding  of  the 
natural  laws  of  their  working;  and  at  the  same  time  and  by  the  same 
degrees,  the  child  ceases  to  Inflict  punishment  upon  the  chair  that 
baa  fallen  on  him  or  to  condemn  il«  misdemeanor.  Here  the  morfti 
judgment  is  displaced  by  the  causal  judgment;  and  the  reason  of  its 
displacement  la  the  disappearance  of  mind  or  purpose  from  amongst 
the  phenomena.  When  the  child  comes  to  undemtand  that  the 
chair  falls  by  "la«-a  of  nature"  which  are  not  the  expression  of  will, 
like  the  acts  done  by  himself  or  his  companions,  he  ceases  to  disap- 
prove or  to  resent,  though  he  docs  not  cease  to  feel  pain  or  to  im- 
prove the  circumstances  by  setting  the  chair  firmly  on  the  floor. 
The  recognition  of  natural  causation  as  all  that  tlicrc  is  in  the  case 
leaves  no  room  for  the  moral  attitude.  So  true  is  this  that  the  same 
result  is  sometimes  thought  to  be  a  consequence  of  the  soiontifie 
understanding  even  of  what  is  called  moral  causation,  "tout  oom- 
prendrc  c'csttout  pardonncr"  —  as  if  knowledge  of  raoti\'caDd  cir- 
cumstanccs  were  auHicient  to  dispcutie  with  praise  or  blame. 
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Moral  judgments  of  a  more  mature  kind  on  the  constitution  and 
course  of  nature  form  the  material  for  optimistic  and  pessimistic 
^^ew8  of  the  world  —  at  least,  when  these  N-iewa  rise  above  the  asser- 
tion of  A  preponderance  of  pleasure  or  of  pain  in  life.  But,  so  far  as 
I  can  see,  in  sueh  moral  judgments  nature  is  never  looked  upon  as 
eonssting  of  dead  mechanical  sequences.  It  is  because  it  is  looked 
upon  as  the  expression  of  a  living  will  or  as  in  some  way  —  perhaps 
very  vaguely  conceived  —animated  by  purpose  or  consciousness,  that 
^^'p  regard  it  asmorallygoodor  evil.  Apart  fromsome  such  theological 
conception,  it  does  not  seem  to  me  that  the  nature  of  things  calls  out 
the  attitude  of  moral  approval  or  disapproval.  Things  are  estimated 
us  useful  for  this  or  that  end,  they  are  seen  and  appreciated  as 
beautiful  or  the  reverse,  without  any  reference  to  them  as  due  to  au 
inspiring  or  originating  mind;  and  in  one  or  other  of  these  references 
the  terms  "good"  or  "had"  may  be  used.  But  when  we  use  the 
term  good  in  its  specifically  moral  signification,  we  do  not  apply 
it  to  the  inanimate,  c.Yccpt  in  a  derivate  way,  on  account  of  the 
relation  in  wliich  these  inanimate  things  stand  to  the  moral  ends 
and  character  of  conscious  beings. 

So  far,  therefore,  as  the  evidence  of  moral  experience  goes,  it 
docs  not  support  the  view  that  the  "good"  is  a  quality  which  be- 
longs to  things  out  of  relation  to  self-conscious  activity.  And,  in  so 
far,  the  peculiarity  of  the  moral  experience  would  seem  to  he  bott«r 
brought  out  by  the  conception  "ought"  than  by  the  conception 
"good." 

But  here  a  difficulty  arises  at  once.  For  how  can  we  say  that  any- 
thing ought  to  be  done  or  to  be  except  on  the  assumption  that  it  is 
antecedently  good?  Is  not  such  antecedent  and  independent  good- 
ness necessary  in  order  to  justify  the  assertion  that  any  one  ought 
to  produce  it? 

The  question  undoubtedly  points  to  a  difTiciUty;  and  if  that  diffi- 
culty can  be  solved  it  may  help  to  bring  out  the  true  significanoc  of 
the  moral  concept.  The  judgment  which  assigns  the  duty  of  an  indi- 
vidual —  according  to  which  I  or  any  one  ought  to  adopt  a  certain 
course  of  action  —  involves  a  special  application  of  the  moral  con- 
cept. It  binds  the  individual  to  a  certain  objective  rule  or  end.  The 
individual's  desires  as  mere  facts  of  experience  may  point  in  au 
altogether  different  direction;  the  purpose  or  volition  contemplated 
and  approved  by  the  moral  judgment  has  in  view  the  union  of  indi- 
vidual striving  with  an  end  which  is  objective  and,  as  objective,  uni- 
versal. This  union  involves  an  adaptation  of  two  things  which  may 
fall  asunder,  and  which  In  every  case  of  evil  volition  do  fall  asunder. 
And  the  adaptation  may  be  regarded  from  either  side:  on  the  side 
of  the  individual,  application  to  his  individuality  is  implied;  the 
duty  of  one  man  is  not  just  the  same  as  the  duty  of  any  other;  he 
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has  his  own  special  place  and  calling.  But  he  !a  cODDCctcd  irith 
a  larger  purpose  which  in  his  consciousness  becomes  both  an  ideal 
and  a  law,  while  its  application  is  not  limited  to  his  indi\'iduality  or 
his  circuniiitance^. 

All  this  l<;  implied  in  the  moral  judgmcjit.  It  is  not  linutcd  to  one 
Individual  consciousness  or  voHUon.  But  it  does  not  follow  that  the 
predicate  "good,"  in  the  ethical  meaning  of  the  term,  is  or  can  be 
applied  out  of  relation  to  conaciousncsK  altogether.  At  the  earliest 
stages  of  moral  development  we  find  it  applied  unhesitatingly 
wherever  conscious  activity  is  supposed  to  be  present  —  to  anything 
that  is  regarded  as  the  embodiment  of  spirit;  and  it  is  applied  bo  the 
universe  as  a  whole  when  the  universe  is  thought  of  as  the  product 
ofmind.  "Good  "is  not  even  limited  to  an  actual  existent;  it  neither 
implies  nor  denies  actual  existence.  "Such  and  such,  if  it  existed, 
would  be  a  good  "  is  as  legitimate  though  not  so  primitive  an  cxprra- 
sion  of  the  moral  judgment  oa  "  this  existent  is  good."  But  it  doeit 
imply  a  relation  to  cxistcnoe.  It  does  not  even  seem  possible  ti^ 
distinguish  except  verbally  between  "good"  and  "ought  to  be." 
And  this  ''ought"  seems  to  imply  a  reference  to  a  purpose  through 
which  the  idea  is  to  be  realised. 

This  conception  "ought  to  he"  is  not  the  same  as  the  concept 
"  ought  to  be  done  by  me."  The  latter  is  an.  application  of  the  more 
general  concept  to  a  special  individual  in  special  circumstaDce»; 
and  thia  is  the  common  meaning  of  the  concept  duty.  The  former 
is  the  more  general  concept  of  "  goodness. "  It  may  be  called  object- 
ive, because  it  does  not  refer  to  any  individual  slate  of  mind;  it  is 
universal  because  indei}endent  of  the  judgmenta  and  desires  of  the 
individual ;  and  wtien  the  goodness  is  nut  due  to  its  tendency  tou-ards 
some  further  end,  it  may  also  be  called  absolulf. 

'Hie  point  of  the  whole  argument  can  thus  be  made  clear  if  we 
bear  in  mind  the  familiar  distinction  between  "good  in  itself"  and 
"good  for  mo  now."  That  the  l»M«r  has  always  a  relation  to  oon- 
sdousnesB  is  obvious:  it  is  somethiog  to  be  done  or  exi>erieuced  by 
me.  But  there  must  be  some  ground  why  anything  is  to  be  or  ought 
to  be  done  or  experienced  by  me  at  any  time.  Present  individual 
activity  must  rest  upon  or  be  conncctc<l  with  some  wider  or  objective 
ba«s.  What  is  good  for  me  points  to  and  depends  upon  something 
which  is  not  merely  relatively  good,  hut  good  in  itself  or  absolutely. 
Yet  it  docs  not  follow  that  this  good  in  itself  va  necessarily  abaolutr 
in  the  sense  of  having  ugnificance  apart  altc^othcr  from  conscious- 
ness. Its  absoluteness  consists  in  independence  of  individual  ron- 
sdouanesB  or  feeling,  not  in  independence  of  consciousness  oltogctl 
It  is  objective  rather  than  absolute  in  the  literal  sense  of  the  t«nn7 
The  good  in  itself,  like  the  relative  good,  is  ono  aspect  which  can  only 
belong  to  %  cansciouaness  —  to  purpose.    The  moral  judgment  on 
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thui|;8— -either  on  th«  universe  &a  a  whole,  or  on  anything  in  the 
universe  which  is  not  regarded  a«  due  to  the  vrilt  of  man  — 18  only 
justified  if  we  regard  these  things  as  in  some  way  expre«»ing  cun- 
flciouanesa;  either  as  directly  due  to  it,  or  as  aiding  it.  or  as  in  con- 
flict M-ith  it.  From  any  other  point  of  view,  to  speak  of  things  as  good 
or  evil  (unless  in  some  non-ethical  sense  of  these  terms)  seems  out 
of  place,  and  is  unsupported  by  the  mode  of  application  which  be- 
longs to  the  immediate  judgments  of  the  moral  consciousness.  If 
the  moral  concept  has  significance  beyond  the  range  of  the  Teolings 
and  desires  of  men,  it  is  because  the  objects  to  which  it  applies  are 
the  expression  of  mind. 

This  is  not  put  forward  as  a  vindication  of  a  spiritual  idealism. 
It  is  only  a  small  contribution  towards  the  meaning  of  "good."  A 
comprehensive  idealism  may  not  be  the  only  view  of  reality  with 
which  the  conclusions  reached  so  far  will  harmonize.  But  it  is  the 
view  with  which  they  harmonize  most  simply.  The  conception  of  a 
ptirpose  to  which  all  the  evejitA  of  the  world  are  related  is  a  form  in 
which  (he  essential  feature  of  idealism  may  be  expressed;  the  view 
of  this  purpose  as  good  makes  the  idealism  at  the  name  time  a  moral 
interpretation  of  reality,  and  allows  of  our  classing  each  duttingiiish- 
able  event  as  good  or  evil  according  as  it  tends  to  the  furtherance  or 
hindrance  of  that  purpose. 

This  doctrine  of  the  significance  and  application  of  the  ethical 
concept  would  enable  us  to  reach  a  definite  view  of  the  nature  of 
ethics  and  of  the  way  in  which  it  w  related  to  the  sciences  and  to 
metaphysics.  The  ethical  concept  is  based  upon  the  primary  facts 
of  the  moral  consciousness,  just  as  scientific  concepts  have  as  their 
basis  the  facts  of  direct  experience.  The  primary  facts  of  the  moral 
consciousness  are  themselves  of  the  nature  of  judgment  —  they  are 
approbations  or  disapprobations.  But  all  facta  of  experience  involve 
judgments,  though  these  jtidgmenta  may  be  only  of  the  form  "it  is 
here"  or  "it  is  of  this  or  that  nature."  Again,  the  primary  ethical 
facts  or  judgments  cannot  be  assumed  to  be  of  unquestionable  val- 
idity; we  may  approve  what  is  not  worthy  of  approval,  or  disap- 
prove what  ought  to  have  been  approve<l.  Our  moral  judgments 
rlaim  validity;  and  their  claim  is  of  the  nature  of  an  asi^ertion,  not 
that  one  simply  feels  in  such  and  such  a  way,  but  that  something 
ought  or  ought  not  to  tx^.  They  imply  an  objective  atandar«l.  But 
the  objective  standard,  when  more  clearly  understood,  may  modify 
or  even  reverse  them.  Our  primary  ethical  judgments^  all  our 
ethical  judgments,  indeed  —  stand  in  need  of  rB\T8ion  and  criti- 
cism; and  they  receive  this  re^nsion  and  criticism  in  the  course  of 
the  elaboration  of  the  ethical  concept  ajid  of  its  application  to  the 
worlds  of  fact  and  possibility.  In  the  same  way  it  may  be  contended 
that  the  direct  judgments  of  experience  upon  which  science  is  baaed 
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need  oriticiam  and  correction;  though  their  variation  may  be  less  in 
amouot  than  the  variation  of  moml  jodgmenta.  The  color-blind 
man  identifies  red  with  green,  and  his  judgment  on  this  point  has  to 
be  reversed;  the  hypereenwtive  subject  often  confuses  images  with 
percepts;  exact  observation  needs  a  highly  trained  capacity.  The 
correction  and  criticism  which  is  needed  oome  from  objective  stand- 
ards; and  these  are  the  result  of  the  oompariaon  of  many  experiences 
and  the  work  of  many  minds. 

It  ia  no  otherwise  in  the  case  of  ethics.  Criticism  brings  to  light 
ineonBistencies  in  the  primary  judgments  of  approbation  and  disap- 
probation as  well  as  in  the  later  developments  of  the  moral  judgment. 
And  these  ineonststencies  must  be  dealt  with  in  a  way  similar  to  that 
in  which  we  deal  with  inconsistencies  in  the  judgments  of  perception 
and  of  science.  The  objective  standard  is  not  itself  given  once  for 
all;  it  hae  to  be  formed  by  accumulation  and  comparison  of  moral 
experiences.  Like  the  experiences  on  which  science  is  based,  theee 
have  to  be  made  as  far  as  possible  harmonious,  and  analysis  has  to 
be  fsmployod  to  bring  out  the  element  of  identity  which  often  lurka 
behind  apparent  contradiction.  Hiey  have  also  to  be  made  as  cam~ 
prehensive  aa  possible,  so  that  they  may  be  capable  of  application  to 
all  relevant  facts,  and  that  the  scattered  details  of  the  moral  con- 
sciousness may  be  welded  into  an  harmonious  system.  In  these 
general  respects  the  criticism  of  ethical  concepts  proceoda  upon  the 
same  lines  as  the  criticism  of  scientific  concepts.  The  difference  lies 
in  the  concepts  tliemselves,  for  ethics  involves  a  point  of  view  to 
which  science  must  alwa}'fi  remain  a  stranger. 
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Since  the  appearance  of  the  three  chief  works  of  Kant  a  certain 
rhythm  in  the  treatment  of  philosophical  problems^  fint  of  all  in 
Germany,  but  also,  in  less  degree,  in  other  civihzed  countrieE,  is  un- 
mistakable. After  an  intense  occupation  with  theoretical  problems 
a  flood  of  ethical  discussion  usually  follows;  and  this  then  is  usually 
resolved  into  a  renewed  revision  of  sesthetical  problems.  If  I  am 
not  deceived,  we  are  now  at  the  period  of  transition  from  the  second 
to  the  third  epoch;  so  much  the  more  favorable  is  the  time  to  re- 
view the  present  condition  of  ethical  problems.  Id  the  first  place, 
then,  it  seems  rather  remarkable  that  recent  ethical  discussion,  so 
intensely  carried  on,  has  resulted  In  a  definite  victory  for  neither  one 
flcbool  nor  the  other.  One  thing  alone,  however,  may  with  some 
accuracy  be  said,  that  the  school  of  utilitarianism  of  the  older  inter- 
pretation by  Bentham,  which  earlier  prevailed  almost  alone  in 
England  with  a  fairly  strong  repreeeutatiou  in  France  and  Germany, 
sMms  to  be  withdrawn  from  the  field.  Not  as  if  there  were  no  men 
to-day  who  in  other  times  would  have  sworn  by  Bentham'e  flag, 
rather  we  are  here  facing  a  fact  that  a  theory  which  formerly  Ap~ 
peared  in  independence,  now  may  be  de«med  a  special  case  of  a 
more  inclusive  theor>',  which  with  the  help  of  its  wider  horizon  can 
remove  a  whole  series  of  diihculties,  which  apparently  raised  iosolv- 
able  problems  for  the  special  theory.  Utilitarianism,  since  it  had 
started  with  the  examination  of  the  individual,  could  not,  even  in  the 
master-hand  of  Bentham,  transfer  itself  without  recnainder  into  the 
greatest  happiness  of  the  greatest  number;  the  interest  paid  on 
the  sacrifice  offered  to  fellow  men,  again  and  again  seemed  dubitable 
and  probable;  again  and  again  the  best  calculation  seemed  to  con- 
sist  in  egoism  pure  and  simple.  The  impossibility  of  an  exact  calcula- 
^on  of  consequences  in  pleasure  and  in  pain  was  likewise  rcpeatedly 
«mpbagized  by  opponents;  the  suggestion  that  we  do  not  count  the 
shrewd  calculator  so  good  as  the  man  who  acts  impulsively  was  also 
not  lacking:  all  these  were  difficulties,  which,  on  the  ground  of  the 
cider  utilitariaoiBm,  coiUd  be  evaded  but  not  quite  entirely  put  out 
of  the  world. 
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It  is  then  easily  underHtood  that  the  further  com i>i nations  into 
which  cvoiuliott  waa  able  to  advance  ethical  questions  liave  resulted 
in  the  cessation  of  utilitarianidn)  ok  an  independent  aj'steoi.  Around 
the  huge  ftyslem  of  thought  of  Herbert  Spencer  one  of  the  great  campe 
of  ethical  workers  is  collected.  It  is  not  correct  to  count  Herbert 
Sponccr  as  systematizer  of  Darwin's  thought«;  his  main  thoughts 
were  finiflhcd,  before  a  line  of  Danvin  had  appeared.  But  it  is  correct 
that  the  wonderful  inductions  of  Darwin  were  precisely  that  which 
8i>encer's  system  needed  in  order  to  begin  its  triumphal  march 
through  the  civilized  world.  Here  the  case  is  the  reverse  of  that  of 
Copernicus  and  Giordano  Bruno:  the  systematizer  precedes  the 
man  of  special  research.  It  ia  superfluous  on  American  soil  to  give 
a  descnptioo  nf  Spencer's  thoughts;  they  have  become  parts  of  the 
general  eonjsciouancss.  So  it  may  aufhce  to  emphasize  a  few  chantoter- 
iatic  features,  to  which  my  remarks  sliall  be  attached,  since,  other- 
wise, in  view  of  the  richness  of  the  system,  there  might  easily  be 
other  sides  of  it  in  the  mind  of  my  hearers  than  those  to  which  I 
have  here  to  attach  importance. 

The  characteristic  feature  of  the  system  of  Spencer  is  its  unity  and 
compaotnesB.  Just  as  every  picture  has  a  definite  point  from  whidi 
it  should  be  seen,  so  also  the  system  of  Spencer  is  a  view  of  the  worid 
from  a  quite  definite  point  of  view.  —  that  of  evolution.  Systems 
of  evolution  had  already  occurred  in  philosophy,  —  I  mention  the 
vast  performance  of  Hegel  only,  ~~  but  that  which  gives  Spencer's 
system  its  characteristic  signihcance  is  thttt  here  evolution  is  con- 
ceived not  as  logical,  but  as  biological;  wliile  in  the  case  of  Ucgel 
nature  is  the  vestibule  of  tlie  realm  of  purpose,  and  therein  alone 
has  its  significance,  Spencer  lakes  nature  as  his  point  of  departure, 
and  the  realm  of  human  avtivity  represents  itself  to  him  merely  as 
the  finest  conformation  of  natural  events.  Here  the  whole  evolution 
from  the  nebula  in  world-apatee  to  the  most  delicate  relations  betwe«i 
man  and  man  are  comprehended  in  one  grand  conception.  Tlie  same 
amount  of  force  which  then  existed  in  wortd>space  exists  still  to-day, 
only  in  infinitely  more  differentiated  form.  The  new  which  is  pn*- 
dured  is  nothing  else  than  the  transformed  old,  but  transformed  in 
an  essential  relation,  in  the  direction  towards  constantly  increasing 
complexity  of  relations  in  which  single  things  and  centres  of  force 
stand  to  each  other. 

If  it  be  asked  what  this  principle  is  which  is  the  ground  for  this 
differentiation,  s  glance  at  the  ttehavior  of  organisms  informs  us.  In 
them  we  can  most  clearly  recognize  effects  which  result,  with  the 
necessity  of  laws  of  nature,  from  increasing  differentiation.  The 
ondifFere-ntialed  individual  is  powerless  in  the  presence  of  every 
change  of  his  environment.  Bani^ed  to  its  accidental  place,  the 
plant  must  wait  for  what  happens  to  it.  Only  within  a  narrow  limit 
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can  U  maintain  its  cxiatencc.  Bett«  equipped  we  find  the  animal, 
«Bp«ciatly  when  it  has  gathered  into  social  groups,  either  for  pn> 
tection  against  carnivora  or  for  the  breeding  of  progeny  in  commou. 
The  young  steer  has  an  infinitely  better  prospect  to  nuuntain  itself, 
to  grow  up.  than  the  single  egg  in  the  spawn  of  the  sturgeon. 

So  it  is,  before  all  else,  the  fact  of  social  coDihinalion  which  attracts 
to  itself  the  attention  of  the  revolutionary  ethicist.  His  ethics  is 
social  ethics.  The  analysis  of  the  historical  development  of  mankind 
fomui  the  standard,  in  which  the  social  combinations  have  resulted, 
and  in  which  greater  and  worid-inelusive  formations  have  replaced 
those  earlier,  smaUer,  and  smallest,  usually  engaged  in  war  with 
each  other.  It  is  a  long  way  from  the' time  wheu  hospes  was  equivalent 
to  Kc9t%»  to  international  expositions,  and  the  single  stages  of  this 
way  reflect  themselves  in  the  moral  beha\'ior  of  the  individuals. 
The  old  question,  which  in  so  many  ways  agitated  the  English 
ethics  of  the  seventeenth  and  eighteenth  centuries,  the  question, 
whether  man  should  \jv  regarded  as  an  originally  egoistic  being,  or 
whether  equally  original,  benevolent  instincts  must  be  ascribed  to 
him,  is  transferred  by  evolutionists  of  to-day  beyond  the  realm  of 
man  to  that  of  hl»  animal  ancestors  and,  in  this  case,  in  favor  of  the 
originality  of  egoism.  Hut  long  before  man  appeared  as  an  inde- 
pendent species  the  effects  of  the  hfe  of  the  horde  must  have  shown 
themselves  in  him,  since  those  communities  only  in  which  the  single 
members  were  bound  to  each  other  by  sympathy  had  any  prospect 
of  survival.  It  is  therefore  possible  to  speak  of  animal  ethics.  The 
intereeting  attempts  which  Darwin  had  made  in  this  field  were  taken 
by  Spencer,  as  a  whole,  into  his  system.  It  must,  however,  be  con- 
ceded that  we  must  observe  the  full  development  of  this  process, 
first  of  all,  in  man,  and  the  tendency  then  consists  in  a  constant 
decrease  of  egoistic,  as  compared  with  altruistic,  actions.  How  it 
was  possible  that  the  individual  was  ever  willing  to  renounce  the 
amounts  of  pleasure,  which  he  could  obtain,  in  favor  of  others, 
Spencer  skillfully  tried  to  explain  by  the  introduction  of  the  egoistic- 
altruistic  feeling!!.  These  give  the  impulse  to  actions  which  are  useful 
to  the  community,  but  which  give  to  the  doer  honor  and  distinction, 
and  thus,  from  egoistic  motives,  make  actions  which  promote  the 
welfare  of  the  community  commendable.  Rut  those  actions  which 
damage  the  community  are  visited  with  punishment  of  all  kinds. 
The  theory  of  sanctions  in  Bcntham  and  Mill  here  passes  over  into 
the  more  extensive  system  of  evolution.  For  modem  theory  of 
evolution,  hy  the  broader  biological  foundation  of  its  system,  sue* 
ceeds  in  explaining  why  even,  in  the  case  of  those  who  cannot  over- 
look the  con8e<|uencea  of  such  actions  as  arc  injurious  to  their  own 
person,  these  consequences  are  still  ignored.  The  fact  of  the  con- 
science, for  the  consistent  Benthamite  a  negligible  quantity,  forms 
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the  kej-stonc  of  Spencer's  ethics,  and  affords  tlic  chance  of  making 
the  theory  of  heredity  appUcable  in  a  new  held  of  etiiical  speculation. 

It  ifl,  as  a  matter  of  fact,  impoesiblo  for  the  single  indi\'iduaJ  to 
calculate,  by  Bentham's  receipt,  all  the  consequences  of  pleasure  or 
of  pain  which  result  from  the  oetions  for  his  oira  welfare.  The 
individual  need  not,  however,  undertake  this  calculation  at  all.  He 
does  not  begin  at  the  beginning  of  making  liis  experiences  in  this 
world;  he  enjoys  the  heaped-up  treasure  of  esperiencca  which,  before 
him,  long-forgotten  generations  of  ancestors  had  made;  and  the 
sum  of  theee  experiences  he  calls  his  conscience.  This  voice  of  the 
conscience  restrains  the  individual  from  anti-social  actiona,  which, 
in  accordance  with  experience,  must  lead  to  an  injury  to  hia  own 
person;  in  accordance,  of  course,  with  the  experience  not  of  single 
ancestors  but  of  the  whole  line.  Here,  again,  a  seleetive  process  in  the 
struggle  for  existence  is  being  completed.  Men  with  no  conscience  at 
all  or  with  an  only  imperfectly  developed  conscience  have  to  oontend 
with  disadvantages  similar  to  those  in  whom  the  corporal  adjustment 
to  the  modem  conditions  of  civilization  have  proved  defective;  they 
are  exterminated  by  seolusioD  in  prison  or  by  e.\ecution,  as  the  othera 
by  diseases  which  their  bodies  cannot  rcust.  The  criminal  of  to-day 
might  perhaps  have  been,  in  primitive  times,  a  respected  member  of 
his  horde,  perhaps,  even  a  great  chief.  To-day  he  can  be  regarded 
only  as  an  atavistic  survivor,  who  Gts  into  our  conditions  as  little 
as  a  living  ichthyosaurus  into  this  lecture-halL  Again,  it  is  to  be 
hoped,  it  is  even  definitely  to  be  predicted,  that  many  who  to-day 
are  quite  irreproachable  in  moral  respects,  in  later  times  will  no 
longer  succeed  in  satisfying  the  requirements  in  the  form  of  their 
gmndsonorgreat-grandson.  For  the  progress  is  a  biological  necessity; 
and  he  who  cannot  attach  himself  to  its  ways  is  submerged. 

It  is  small  disparagement  for  this  vast  construction  of  the  connec- 
tion between  the  moral  life  of  the  individual  and  the  total  evolution 
of  tlic  associationsof  men,  of  organisms,  of  the  whole,  thiit,now  espe- 
cially in  English  ethics,  a  bitter  strife  has  broken  forth,  which  we  may 
regard  as  the  ooe-sidefl  elaboration  of  the  indi\'iduatistic  parts  of 
Spencer's  ethics  on  the  one  side,  of  the  social  on  the  other  side. 
Willie  the  orthodox  disciples  of  Spencer  insist  that  such  progress 
only  can  be  kept  in  aim  which  must  assure  to  the  individual,  to  the 
fit  the  most  unrestricted  possible  amount  of  free  movement,  while 
the  whole  rigor  of  the  process  of  selection  must  fall  upon  the  unad- 
justed and  the  unfit,  the  socialist  tendencies  of  our  time  lend  to 
advocate  a' reversal  of  this  harsh  result  and  to  advocate  both  the 
united  struggle  of  human  society,  by  suppressing  ovor>energe(io 
individuals,  and  the  prcficr^ation  of  the  cconomirally  weak.  Hiough 
it  would  be  iiitereetin^  to  trace  this  division  to  its  final  grounds,  I 
must  limit  myself  to  note  the  faot  that  the  socialist  movenieai 
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Kcms  hfirc  also  to  be  is  advance, — at  least,  so  far  as  European 
raovcmenta  of  thought  are  concerned;  and  that"  they  are  in  the 
condition  to  compensate  for  their  departure  from  the  teachings  of 
the  master  by  an  appeal  to  the  main  thoughts  of  his  system,  con- 
cerns mo  just  here.  Doubtless  socialistic  thought  is  on  the  whole 
in  advance  when  compared  irith  liberal  and  individualistic  thought. 
And,  under  these  circumstances,  the  inference  for  every  disciple  of 
Dam'in'a  theory  of  evolution  is  simple;  that  here  again  is  a  easo 
of  survival  of  the  fittest;  that  socialistic  ideals  represent  a  higher 
form  of  adjustment;  that  just  by  the  fact  of  their  victory  the  ne- 
cessity and  justification  of  this  victory  is  placed  beyond  doubt.  It 
helped  little  that  the  venerable  thinker  himself  in  the  last  years  of 
his  rich  and  acti\'e  life  descended  into  the  arena  of  the  contest  and 
warned  his  beloved  England  against,  the  dangers  of  this  socialistic 
tendency.  It  was  inconsistent  that  he  tried  to  brand  these  thoughts 
as  a  retrograde  movement,  as  a  step  backward,  since  his  own  system 
with  its  powerful  optimism  affords  no  possibility  for  victorious 
retrograde  movements.  Even  imperfection  and  e\nl  hos  for  Spencer 
only  the  sigiiLficanoe  of  an  imperfect  progress;  and  the  thought 
that  imperfection  could  even  win  the  victory  over  the  perfect,  that 
must  be  warned  against  it,  could  only  be  nonsense  in  connection 
with  his  system.  For  him,  as  for  Hegel,  the  final  formula,  obtained 
it  is  true  by  a  very  different  way,  is  the  thesis:  The  actual  is 
rational. 

But  just  this  reference  to  Hegel's  system  makes  clear  to  us  the 
opposition  which  Herbert  Spencer's  system  found  in  Germany, 
first  of  all,  but  also  in  wide  circles  in  England  and  in  America.  If 
it  could  be  object<(d  against  Hegel  that  the  activity  of  the  indiWdual, 
in  contrast  to  the  might  of  the  developing  process  of  the  logical  idea, 
is  reduced  to  inaignificanoe,  this  consideration  returns  with  doubled 
force  in  contrast  to  the  concept  of  the  thought  of  development,  which 
is  found  in  the  modem  theory  of  evolution  of  Spencer.  For  here 
it  is  not  t«leological  necessities  which  prevail,  but  causal.  To  have 
proved  evolution  by  the  laws  of  nature  is  precisely  his  system's  title 
to  fame.  The  question  must  then  be  raised  whether  an  obligation 
to  any  definite  practical  action  can  be  deduced  from  the  proof  of  the 
necessity  of  any  event.  If  the  development  is  necessary,  it  will  be 
completed  whether  I  cotiperote  with  it  or  not.  If  it  needs  my  coopera- 
tion, it  need  not  be  regarded  as  a  law  of  nature.  It  is  exactly  the 
same  difficulty  which  beset  the  Stoics,  when  they  tried  to  harmon- 
ize the  determinism  of  world  events  with  the  demands  which  their 
ethics  put  upon  the  moral  resolves  of  the  individual.  It  is  absurd 
to  will  any  nece8sar>-  event  of  the  laws  of  nature;  I  can  suspend  my 
action  so  that  I  count  upon  the  occurrence  of  such  an  incident,  but 
I  cannot  make  this  incident  the  object  of  my  will.  I  can  decide  that 


408 


ETHICS 


I  will  observe  an  ecljpee  of  the  moon,  but  I  cannot  wtU  the  occurrence 
of  this  eclipse  of  the  muon,  or  not  will  it. 

If  we  reduce  the  difHculty  to  the  BiropleBl  formula,  it  would  be  eb 
follows:  the  ihe(jr>-  of  evuliitiun  did  not  diuUnguish  between  two 
completely  difTereiit  kinds  of  attitudes  on  thn  {laK  of  human  cienta] 
activity;  between  the  knowledge  of  the  necessity  of  what  exists  and 
its  judgment  by  standards  of  value.  But  it  is  precisely  with  (hf* 
latter  that  ethics  has  to  do.  It  is,  like  logic  and  sesthctics,  a  science 
of  values;  the  interest  in  the  question  how  something  has  come  to  be, 
is  quite  different  from  the  interest  in  determining  its  value.  Evtvy- 
tbing  has  come  to  be,  the  valueless  as  well  as  the  valuetl,  with  the 
same  necessity:  that  is  a  self-evident  presupposition  of  all  explana- 
tory ecJence.  The  bungling  dramng  of  a  school-boy  and  the  Sistinc 
Madonna,  the  hallucinations  of  a  lunatic  and  the  thought  of  a 
Herbert  Spencer,  a  demonic  crime  and  a  deed  of  the  purest  ethical 
fulhllment  of  duty,  are,  in  the  same  M^nse,  necessary-;  but  with  the 
knowledge  of  this  necessity  we  have  not  come  a  single  step  nearer 
to  the  task  of  their  valuation. 

The  difference  between  these  two  kinds  of  attitudes  has  perhaps 
never  been  more  clearly  sketched  than  in  Fichte'n  book  On  tht: 
CalHng  of  Man.  If  we  assume  that  1  have  a  fully  adequate  scientific 
knowledge  of  the  course  of  nature,  I  might  discern  that  this  grain 
of  sand  which  the  storm  has  set  in  motion  could  not  drift  a  hair's 
breadth  farther,  unless  the  whole  previous  course  of  nature  had  been 
quite  different;  what  then  would  be  gained  for  my  own  moral  action? 
The  answer  must  be;  Nothing.  More  than  that,  if  this  point  of  view 
were  the  only  possible  for  nutn,  then  this  action  would  have  no 
longer,  as  a  moral  action,  any  significance,  and  could  have  none: 
since  as  a  pan  of  the  world  event  alike  in  value  to  all  other  parts  it 
would  remain  like  in  value,  and  it  would  be  meaningless  to  select  and 
emphasise  out  of  this  continuum  of  facts  and  environments,  alike  in 
value,  dngle  elements  as  especially  valuable  and  stignificant.  The 
man  who  cotdd  not  rc8ig:n  himself  to  this  knowledge,  who  could 
not  be  satisfied  to  continue,  in  cool  content,  at  the  point  of  view  of 
the  silent  contemplation  of  causes,  must  fall  into  conflicts  similar 
to  those  which  Cariyle  so  vividly  described  in  Sartor  Ruartua.  We 
must  then,  in  order  to  an  understanding  for  this  now  problem, 
proviBionally  disregard,  above  all  else,  whatever  the  theor>*  of  evo- 
lution has  accomplished  by  way  of  scientifie  cxplanalinn,  and  reserve 
for  a  later  Investigation  the  ethical  I'aluation  of  this  sequcnec  of 
development.  The  question  which  is  now  to  occupy  us  is  directed, 
first  of  all.  to  the  subject  of  our  moral  valuation.  What  do  we  call 
good  or  bad? 

This  is  the  main  question  of  all  normative  ethics  in  general,  and  ila 
answer  by  Kant  will  always  remain  a  brilliant  feat  In  this  field.    He 


PROBLEMS  OF  ETHICS 


409 


proved,  in  the  first  place,  thai  this  predicate  can  be  properly  apf^ed 
to  no  action  whatever,  that  we  can  speak  of  a  good  action  in  figur- 
ative languajje  only,  when  we  believe  that  we  can  make  from  this 
action  an  inference  with  reftard  to  somethinjE;  else,  —  the  disposition 
of  the  actor;  and  that  the  9an:ie  action  which  we  do  not  he8itat« 
to  describe  as  good,  on  the  supposition  of  the  correctness  of  thia 
inference,  loses  directly  this  character  as  soon  as  doubt  of  the  cor- 
rectness of  the  inference  arises.  This  disposition,  which  we  distin- 
gtiish  in  this  way,  which  forms  the  substrate  of  our  moral  valuation. 
we  call  the  good  will,  and  the  Maf^a  Charta  of  the  Kantian  ethics 
consiats  in  the  celebrated  thesis:  N'othing  can  pnssit^y  be  good 
except  a  good  will.  This  reasoning  appears  to  be  as  self-evident 
aa  its  result  is  important. 

The  whole  ethical  procejts  is  removed  within  the  soul.  While  the 
theory  of  evolution  and,  still  more,  utilitarianism  could  still  hope 
to  obtain,  with  the  character  of  the  work,  at  the  same  time  an  ex- 
presmon  with  regard  to  the  ethical  value  of  the  action;  while,  in  this 
combination  of  ideas,  the  ethical  goodness  of  the  di^xisition  could 
be  judged  by  the  usefulness  or  value  to  civilisation  of  the  performance 
done.  30  that  both  these  systems  would  have  eseentially  the  character 
of  an  ethics  of  results,  we  have  in  Kant  and  his  aucceaaors,  moat 
decidedly,  an  ethics  of  dispositions.  It  has  rightly  been  pointed 
out  that  this  ethics  could  grow  only  upon  Protestant  soil,  that  here 
the  same  contradiction  prevails  which  Luther  once  summetl  up  in  the 
words:  "Good  works  do  not  make  the  good  man.  but  the  good  man 
creates  good  works."  All  the  excellences,  but  all  the  weaknesses 
also,  of  ProtestJintism.  ding  to  Kant's  ethics. 

First,  lei  us  follow  the  further  stogns  of  Kant's  thought.  How 
must  a  good  will  Im*  constituted,  so  that  we  may  count  it  as  ethically 
good?  All  our  arts  liappen  in  onler  to  fulfill  a  purpose.  The  character 
of  the  action  de|>cnd8  upon  the  character  of  the  purpose,  which  the 
actor  proposes  for  himsetf.  which  he  affirms  with  his  will,  which  he 
makes  his  own.  But  if  the  purpose  he  no  longer  mlled,  then  all  the 
actions  cease,  which  hitherto  bad  had  to  be  accomplished  for  its 
fulfillment.  All  those  purposes,  which  under  the  circunl5tance^ 
cannot  be  willed,  cannot  therefore  produce  that  lasting  constitution 
of  the  will  which  we  understand  under  the  term  the  good  will.  But 
among  tlie  diiTerent  motivations  of  the  will,  there  are  some  which 
for  the  observer  become  separated.  They  liave  not  a  character  such 
that  they  could,  under  any  circumstances,  cease  to  motivate  the 
will;  they  are  necessary  and  universal  determinations  of  the  will. 
The  imperative  which  they  contain  and  with  which  they  demand 
action  has  not  the  hypothetical  form:  "If  thou  wilt  obtain  this  or 
that,  you  must;"  but  the  absolute:  "Thou  shall."  It  is  a  categorical 
imperative,  to  which  the  will  is  here  aubordiuated,  which  determinen 
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toy  actionB;  and  such  a  categorical  imperative  we  term  duty.  Only 
the  dutiful  vill  is  good.  It  is  clear  that  this  determination  shows 
an  exact  analogy  to  the  other  norms  of  judgment  in  the  logical  and 
the  Eesthetical  field.  The  principle  of  contradiction  states  nothing 
at  all  with  regard  to  the  single  thoughts,  it  only  asserts  that  our  think- 
ing can  then  alone  make  a  clain^  upon  a  logical  valuation  while  it 
fills  the  condition  which  the  principle  of  contradiction  states.  Like- 
inse,  the  impulses  of  our  wills  can  be  morally  valued  only  when  they 
refer  to  an  absolute  "Thou  shall;"  If  this  is  not  the  case,  they  are 
excluded  from  the  range  of  valuation,  just  as  the  play  of  our  fancy, 
which  does  not  recognize  the  principle  of  contradiction,  is  excluded 
from  the  realm  of  the  norm  of  scientific  thinking. 

Here  again  the  normal  action  of  ethics  is  represented  as  a  selective 
process.  While  the  evolutionist  ethicist  can  estimate  everj-  single 
content  of  human  consciousness  with  reference  to  the  point  whether 
it  is  preservative  of  the  species  or  not,  and  thus  give  it  ethical  value, 
the  realm  of  the  Kantian  ethics  is  much  more  confined.  Only  those 
impulses  of  the  will  occur  with  conscious  subordination  under  the 
command  of  duty,  or  in  conscious  opposition  to  it  fall  within  the 
realm  of  moral  valuation.  All  others  —  and  their  name  is  legion  — 
must  be  termed  unmoral.  Not  as  if  they  become  thereby  actually 
valueless;  they  may  stand  as  high  as  you  please  in  the  int^'llectual, 
esthetic,  or  religious  scale  of  values.  But  to  bring  them  under  just 
the  moral  norms  of  judgment  would  be  an  attempt  at  an  unappli- 
able  object.  This  is  the  point,  perhaps,  where  the  Kantian  ethics 
gives  the  hardest  shock  to  the  healthy  hnman  understanding.  It 
will  always  seem  a  paradox  that  we  have  a  moral  act  when  a  man 
nith  strong  desires  for  theft,  after  a  severe  inner  struggle,  does  not 
put  a  ulvcr  spoon  into  his  pocket,  while  the  man  who  omits  all  this 
quite  OS  a  matter  of  course  may  have  no  claim  upon  moral  desert. 
And  yet  each  one  of  us  would  feel  it  as  an  insult,  if  he  should  be 
praised  for  such  omisaon.  The  solution  of  this  diflSculty  lies  in  the 
dbtinotion  of  the  value  of  the  single  resolve  and  that  of  the  whole 
moral  personality.  The  man  who  is  still  led  into  temptation  by  silver 
spoons  stands  morally  upon  the  same  plane  upon  which  the  scholar 
stands  who  struggles  with  extreme  mental  effort  to  calculate  a  simple 
example  in  multiplication.  In  the  case  of  the  more  advajiccd  person 
our  moral  approval  is  not  aroused  because  he  no  longej-  needs,  in 
this  simple  case,  to  appeal  to  the  law  of  duty,  hut  because  we  be- 
lieve that  wc  may  conclude  that  his  moral  personality  ts  attacking 
other  more  difficult  problems  u-ith  full  force,  and  that  he  is  here  in 
himself  feeling  the  full  weight  of  the  contest.  If  we  were  deceived 
in  this,  if  it  prove  true  that  he,  content  vnlh  what  had  been  attained, 
hod  withdrawn  to  the  position  of  the  ethical  capitalist,  our  ethical 
interest  in  him  would  likewise  cease,  just  as  our  iotelleetual  inlcml 
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oeues  in  tho  scholar  for  whom  there  arc  no  more  problems  in  hb 
science.  From  this  point  of  view  the  result  is  necessary  that  the 
category  of  duties,  to  speak  nith  Hegel,  is  absolutely  infinite;  and 
in  this  perhaps  lies  the  considerable  difference  between  modem  and 
ancient  ethics.  For  ancient  ethics  the  ideal  of  the  wise  man  waa 
a  distinctly  finitely  determined  amount.  However  difficult  it  might 
be  to  fulfill  the  condiUoDs  for  it,  it  could  Bttll  be  fulfilled  in  a  human 
Life;  and  a  further  advance  beyond  this  fulfilled  ideal  would  have 
been  to  the  Greeks  an  absurdity:  it  is  the  "nothing  too  much'* 
transferred  to  the  ethical  point  of  view.  It  is  otherwise  in  modem 
ethics,  and  with  this  ia  connected  the  change  in  that  the  concept  of 
the  infinite  has  become  a  concept  of  value.  It  is  as  Carlyle  says: 
"Fulfill  the  next  duty  which  presents  itself  to  thee,  and  when  thou 
hast  fulfilled  it,  wail  for  ten,  twenty,  a  hundred  to  be  fulfilled."  But 
we  recognize  the  degree  of  ethical  development  which  a  man  has 
attained  by  noting  that  it  is  no  longer  duty  to  him. 

If  the  limits  of  the  moral  valuation  Iiave  been  much  reetricted 
by  the  introduction  of  the  concept  of  unmoral  actions,  it  lias  been 
extended  in  the  other  direction  by  the  insight  that  now  every  action 
which  happens  in  fulfillment  of  a  command  of  duty  is  to  be  valued 
as  the  result  of  a  moral  disposition.  We  come  thus  to  the  problem 
which,  since  the  time  of  the  ancient  sophists,  has  not  ceased  to  occupy 
minds,  and  which  may  most  simply  be  termed  the  anthropological 
problem.  What  in  the  world  is  there  that  is  not  by  individuals  and 
by  people  deemed  to  be  morall  With  what  strange  contents  the 
formal  "  Thou  sbolt "  of  morality  is  filled !  In  face  of  these  contradic- 
tions, is  there  any  sense  at  all  in  speaking  of  ethical  commands?  All 
skeptical  attacks  upon  ethics  find  in  such  considerations  their  strong- 
est support;  and  here  again  the  answer  is  easy  when  we  refiect  upon 
the  analogy  with  science,  art,  and  religion.  Aristotle  and  Democritus, 
Hegel  and  Hobbes,have  taught  very  differeutly,  and  yet  all  have  been 
busy  with  science.  Rapliael  and  Menzel  are  surely  to  be  valued  as 
artists;  Mahomet  and  Buddha  were  both  religious  geniuses  of  the  first 
magnitude.  Why  should  it  be  dififcrent  in  the  field  of  ethics?  What 
other  men  have  held  to  be  moral,  bow  they  have  acted,  this  can  be 
valuable  to  me,  in  order  for  me  to  become  clear  with  regard  to  my 
own  mural  determination,  just  as  the  artist  sees  the  works  of  other 
masters,  just  as  the  scientific  man  must  know  the  theorems  of  others. 
But  all  this  cannot  be  the  standard  for  the  formation  of  my  own  life. 
1  am,  once  for  all,  placed  in  this  worid,  to  be  active  there;  I  am 
responsible  to  myself  for  what  I  wish  to  accomplish  with  this  life. 
And  so  it  can,  it  is  true,  be  an  encouragement  to  me  that  other  men 
have  felt  in  themselves  the  same  motive  to  moral  activity;  I  can 
give  them  my  liand  as  striving  for  the  same  with  me  through  the 
separating  centuries  and  across  the  estranging  seas.    But  their  way 
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of  solving  tho  great  problems  of  life  cannot  be  the  standard  for  me 
save  in  the  sense  that  I  receive  tliem  into  my  will,  recognite  them  as 
valid  for  my  own  life. 

So,  then,  the  whole  weight  of  the  distinction,  tbo  whole  moi 
process,  is  transferred  to  the  individual.  He  is  the  point  of  dcj>art-' 
ure  and  the  goal  of  the  struggle  for  a  content  in  life.  Is  this  now 
egoism?  This  much-discussed  question  also  suffers,  as  I  believe,  by 
a  defect  ia  the  statement  of  the  problem.  If  it  is  intended  that  that 
action  is  meaut  by  egoism,  the  motive  for  which  is  one's  own  welfare 
or  happiness,  by  altruism,  however,  the  action  which  aims  at  the 
happiness  of  others,  It  is  quite  clear  that  these  two  contrasts  have  us 
little  meaning  for  the  ethics  of  dispo»tioD  as  the  complementary! 
cootrasl  of  beautiful  and  ugly.  Moral  action  is  completely  indifferent 
with  regard  to  these  contrasts.  Moral  actions  can  be  characterized 
as  altruistic  as  well  as  egoistic,  and  the  same  is  the  case  for  unmoral  i 
or  bad  actions.  By  knowing  that  distinct  advantages  have  resulted 
to  the  doer  from  an  action,  or  that  "  the  greatest  happineiss  of  tbv 
greatest  number"  has  resulted  from  it,  I  have  not  gained  one  step 
for  the  moral  valuation  of  this  action.  I  should  surely  act  immorally 
if  I  omitted  an  action  acknowledged  as  moral  by  me  because  it 
would  involve  pain  for  others  and  thus  would  have  an  anti-altruistic 
charartcr.  Whence  this  confusion  of  the  altruistic  with  the  moral 
arose  is  easy  to  see.  Long  before  the  child  could  himself  act  morally, 
it  must  be  accustomed  to  feel  that  its  beloved  self  cannot  be  the  sole 
standard  for  it«  action;  and  to  the  end  that  it  keep  peace  and  content 
with  its  brothers  and  playmates,  it  is  properly  accustomed  to  regard 
in  its  action  the  welfare  of  the  human  bangs  about  it.  That  is  a 
preparatory  step  to  moral  action;  but,  strictly  spf^aking,  it  can  be 
count-cd  as  moral  by  those  only  who  are  determined  not  to  recognize 
the  limits  between  psychological  motivation  and  normative  deter- 
mination. 

It  would  be  an  interesting  task  to  trace  the  rcbitions  into  which 
the  autonomoua  moral  individual  enters  with  the  great  moral 
institutiona  wliich  dominate  the  community  and  have  combined  in 
usage,  society,  and  state,  and  which  Hq?ci  described  in  a  happy 
BXpreeaion  as  "  objective  morality."  Here  il  is  no  longer  the  r^ard 
for  the  weal  or  woe  of  fellow  men  which  strives  to  gain  inHucneaa 
over  my  action;  here  the  ethical  will  of  past  generations  of  my  own 
anomtors  accosts  and  asks  me  whether  I  ean  bring  my  action  into 
harmony  with  that  which  they  willed  and  for  which  they  strove, 
It  is  a  slight  disadvantage  to  the  ethically  directed  man  thai,  in 
order  to  protfwt  these  moral  inatituttnns  from  injury,  an  aramal 
of  punishments,  of  social  influences,  of  boycotts,  and  of  whateveP|^ 
finer  or  coarser  means  of  compulsion  there  may  be,  are  8<1  up.  Thi 
arsenal  is  ooeeasuy  lo  sustain  the  social  structure  which  alone 
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affords  the  chance  for  moral  action;  and  he  who  calculates  with 
pleasure  and  pain,  who  triea  t«  arrange  his  life  &a  liappily  as  possible, 
will  be  restrained  by  shrt-wd  calculation  from  injuring  the  prevailing 
moral  institutions.  The  moral  man  has  nothing  to  do  with  such 
coRsideratioQfl  When  he  affirms  the  objective  morality,  he  does  so 
because  he  n^cognizes  his  moral  will  as  identical  witU  that  of  previous 
tnerations  which  have  made  these  forms.  But  the  time  can  come 
'when  he  discovers  that  a  mora)  life  within  these  forms  is  no  longer 
possible  for  him,  when  with  deep  regret  he  sees  the  bond  of  continuity 
break  which  knit  him  in  affection  with  the  past,  when  he  must 
resolve  to  enter  new  untrodden  paths,  just  as  Copernicus  was  forced 
to  resolve  to  substitute  a  new  knowledge  for  those  which  had  satisfied 
centuries.  Such  a  man  will  endure  calmly  and  patiently  the  con- 
sequences which  result  from  such  a  course;  he  will  not  expect  to 
be  justified,  through  the  purity  of  his  intentions,  tn  the  eyes  of  his 
fellows,  if  he  undertakes  to  lay  hands  on  the  institutions  which  the 
moral  consciousness  of  his  contemporaries  recognizes  as  valid.  But 
he  will  also  know  that  these  same  institutions  owe  what  nacrcdnesa 
they  possess  to  the  blood  of  previous  martyrs,  that  these  Rhadovs 
of  a  past  can  only  then  speak  to  a  living  generation  when  they  have 
tasted  the  aacred  blood  of  sacrifice. 

So  then  we  see  two  great  movemenia  in  our  time  struggling  about 
the  ethical  questions.  The  one  has  on  its  side  the  whole  apparatus 
of  scientific  conceptions,  the  presupposition  of  neceasar>'  eventa 
without  exceptions,  the  knowledge  that  the  single  individual  is  an 
infinitely  small  element  in  a  netessary  sequence  of  development.  It 
can  explain  everything,  deduce  everything  from  its  conditions.  At 
one  point  only  its  power  breaks  down:  it  cannot  make  the  individual 
comprehend  why  he  should  raioe  a  finger  to  keep  in  motion  thia 
machine  which  goes  of  it«clf. 

And.  opposed  to  thi«,  is  the  other  movement,  which  restd  upon  the 
one  fact  that  the  point  of  view  of  its  opponent,  the  scientific,  is  also 
a  relation  of  reality  to  values,  and  that  man  alone  introduces  theae 
values  into  reality,  measures  and  testa  it  by  these  values.  According 
In  this  movement,  ever}'  new  human  life  has  the  question  put  to  it, 
what  it  can  accomplish  with  these  values,  whether  it  ia  capable  of 
making  something  out  of  reality,  out  of  itself,  which  has  in  itself  a 
value  such  as  to  raise  it  above  the  flux  of  appearances  as  the  bearer 
of  these  values.  Everything  previous  as  well  as  everything  subsequent 
vanishes  before  these  thoughts  that  it  ia  now  day,  that  the  night  ia 
soon  coming  when  no  man  can  work,  that  at  the  day's  end  the  day's 
work  must  be  done.  But  what  each  recognizes  as  his  day's  work,  he 
must  himself  find  within  liimself.  Tliis  decision  is  his  destiny. 

X  cannot  belter  close  thau  with  the  words i;)f  the  man  whose  life 
had  little  joy,  but  who  grappled  with  theae  questiona  in  the  solitude 
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of  Crugenputtock,  in  the  supreme  solitude  of  the  human  wilderness 
of  Ix>ndon,  with  a  seriousness  which  still  to-day  proves  to  be  soul- 
wooing  and  soul-winning:  "Centuries  have  passed  that  thou  might- 
eat  be  bom,  and  centuries  are  waiting  in  dumb  expectation  of  what 
thou  wilt  accomplish  with  this  life,  now  that  it  has  begun,"  And 
what  this  life  can  offer  Carlyle,  by  combining  the  thoughts  of  Fichte 
and  of  Goethe,  has  united  in  the  call: 

"  Work  and  deapur  not." 
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THE  RKLATIOK  OF  .ESTHETICS  TO  PSYCHOLOGY  AKD 

PHILOSOPHY 

nr  RKNitr  hdiyirbs  uarsiull 


[Hemr  Rutcers  Hcnhall,  PrncticinR  Architect.  Presideiit  of  ihe  Nev  York 
Chapter.  AiimtUhii  Irtstitutu  uf  Architects,  Member  of  Art  Comininiou, 
Gty  of  New  YoH;.  b.  Julv  'J2.  IS52,  NVw  York  Citv,  b.A.  Columbia  Uni- 
reniit;-,  1873;  U.A.  ihid.  187&;  L.H.D.  Rutgcra  CV>Ucge,  1903.  M«tnb«r 
AiDcricftli  rrtychologicnl  Asaociatiun,  Society  of  American  XaturalisU,  Fol- 
low Ampricftti  IriHtit iit«  of  Architects.  Honorary  Mrmbcr  N&tionat  Society  of 
Mural  Pnintvnt,  MemlKT  AiuoncMti  PhLUwoptiical  AniwctBtton.  Author  of 
Pain,  PUasurt,  and  .-Eilhttiea;  £ath€tic  Principle*;  Inatinct  and  Rco»'m.\ 

Ip  ponvpntional  division!)  of  limp  arc  to  wtvq  as  moans  by  whirli  wt 
may  mark  the  mnviiment  of  thought  an  it  dfvelops,  we  may  well 
say  that  the  nineteenth  century  saw  a  real  awakening  in  relation  ' 
to  ipstheticg  among  those  who  concern  themselves  with  accurate 
thinking,  —  a  coming  to  consciousness,  as  it  were,  of  the  importance 
to  the  philosophy  of  life  of  the  existence  of  beauty  in  the  world,  and 
of  the  sense  of  beauty  in  man. 

And  with  this  awakeninf;  came  a  marked  breadth  of  inquiry;  an 
attempt  to  throw  the  light  given  by  peychological  anal^'sis  upon  the 
broud  field  of  lesthetics,  and  an  effort  to  grasp  (he  relations  within 
the  realm  in  wliich  beauty  holds  sway  to  philosophy  as  a  whole. 

That  the  questions  thus  presented  to  us  have  been  answered,  I 
imagine  few.  if  any.  would  claim;  rather  may  we  say  that  the  nine- 
teenth century  set  the  problems  which  It  concerns  the  lesthetician 
of  the  twentieth  century  to  solve;  and  this  without  undereetimatiug 
the  value  of  the  work  of  the  masters  in  lusthetics  who  lived  and 
wrote  Lu  the  century  so  lately  closed,  some  of  whom  are  fortunately 
with  UB  still. 

Of  these  present  problems  M.  Dessoir  will  treat  in  his  address  to 
follow  mine;  in  the  regretted  absence  of  Professor  IJpps  the  privilege 
has  been  granted  to  me  to  oonsider  with  you  briefly  the  relations 
of  iesthetics  to  psychology,  and  to  philosophy,  which  must  in  the 


end  determine  the  nature  of  the  problems  to  be  studied  by  the  awtUe- 
ticiao,  and  the  import  of  the  doluUona  of  these  problems  which  they 
present  for  our  consideration. 


I.  The  Reiaiion  of  jSsihetics  to  PsytAoiogy 

We  live  in  what  niay  well  l>e  called  the  era  of  psychological  develop- 
ment, an  era  marked  by  the  recognition  of  the  truth  ttiat  do  philo- 
sophical view  of  life  can  be  adequate  which  does  not  take  full  account 
nf  the  experience  of  the  individual  human  spirit  which  interprets  this 
life.  And  so  quite  naturally  for  ourselves,  and  In  all  prol>ability 
quite  in  accord  with  the  habit  of  thought  of  the  immediate  future, 
we  begin  our  study  by  the  consideration  of  the  rdation  of  a^thetics 
to  psychology. 

In  turning  for  light  to  psychology,  the  £?sthetician  finds  himself  of 
course  asking  what  is  the  nature  of  the  states  of  mind  related  to  his 
inquiry;  and  here  at  once  he  finds  himself  confronted  nith  a  distinc- 
tion which  must  be  made  if  a  correct  astbctic  doctrine  is  to  become 
established.  He  notes  that  there  is  a  sharp  difference  between  (1) 
the  mental  attitude  of  an  arlist  who  produces  works  of  beauty;  and 
(2)  the  mental  attitude  of  a  man  at  the  moment  when  he  appreciates 
beauty  in  his  experience.'  The  failure  to  note  this  distinction  has  in 
my  view  led  U>  much  confusion  of  thought  among  the  a^stlieticians 
nf  the  past,  and  to  the  defense  of  dogmas  which  otlierwise  would 
not  have  btten  maintained. 

That  this  distinction  is  an  important  one  becomes  clear  Id  the 
fact  that  the  sense  of  beauty  ia  aroused  in  us  by  objects  in  nature 
which  bear  no  relation  to  what  men  call  fine  art.  The  mental  state 
of  the  appreciator  of  beauty  has  therefore  a  breadth  wliich  does  not 
belong  to  the  mental  state  which  accompanies,  or  leads  to,  the  pro- 
duction of  works  of  beauty  by  the  artist. 

And  yet  it  should  not  surprise  us  that  this  distinction  has  so 
often  been  overlooked;  for  the  theorists  first  follow  the  trend  of 
thought  of  the  uncritical  man,  and  this  uncritical  man  does  not 
naturally  make  the  distinction  referred  to. 

For,  on  the  one  hand,  even  the  least  talented  of  men  has  some 
little  tendency  to  give  part  of  his  strength  to  artistic  creation  in  one 
form  or  another;  the  creative  artist  ia  guided  by  wliot  is  a  truly  racial 
instinct,  which  under  favorable  conditions  will  appear  in  any  man 
who  ia  not  defective:  each  of  us  thus  in  the  appreciation  of  beauty 
throws  himself  to  some  degree  into  the  attitude  of  the  creative  artist. 

And,  on  the  other  band,  the  artist,  when  not  in  eieativo  mood,  falls 
hack  into  the  ranks  of  men  who  keenly  appreciate  beauty  but  who 


■  Cf.  mr  XtOtetie  Prindftta,  chsp.  t,  " 
du^  ut,  ''  The  Artiflt'i  SiMufpoint." 
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are  not  productive  artists;  he  thus  aJtematdy  create  and  appre- 
ciates, and  with  difficulty  separates  his  diverse  moods. 

We  may  well  consider  these  two  distinguishable  mental  attitudes 
separately. 

a 

In  asking  what  is  the  nature  of  the  experience  which  we  call  the 
sense  of  beauty,  we  are  stating  what  may  well  be  held  to  b«  the  most 
important  problem  in  wsthetica  that  is  presented  to  the  psychologist. 

Man  is  pra4;tical  before  he  deals  with  theory,  and  his  first  the*> 
reilcal  questionings  are  aroused  by  practical  demands  in  connection 
with  his  failures  to  reach  the  goal  toward  which  he  strives.  The  de- 
velopment of  modem  lesthetic  theory  has  in  the  main  quite  naively 
followed  this  course,  and  we  may  properly  consider  first  the  psycho- 
loKical  inquiries  which  seem  to  have  the  most  direct  bearing  upon 
practical  questions. 

The  artist,  asks  why  his  efforts  so  often  fail,  and  he  is  led  to  inquire 
what  are  the  qualities  in  his  work  which  he  so  often  misses,  but  now 
and  again  gains  with  the  resulting  attainment  of  beauty. 

It  is  thus  that  we  naturally  find  the  lesthetician  appealing  to  the 
psychologi.st,  asking  him  what  special  tj-pes  of  impression  yield 
beauty,  what  special  characteriatics  of  our  mental  states  involve  the 
fullest  aesthetic  experience. 

The  psychologist  is  naturally  first  led  to  consider  certain  striking 
relations  found  within  the  beautiful  object  which  imprcs.ses  us,  and 
to  inquire  into  the  nature  of  the  psychic  functioning  which  is  in- 
volved with  the  impressions  thus  given.  He  thus  comes  to  consider 
the  relations  of  the  lineal  parts  of  pleasing  plane-stirface  figures;  and 
the  study  of  these  relations  has  given  to  us  such  investigations  as 
the  notable  ones  of  Fechner  in  respect  to  the  "Golden  Section," 
which  have  been  supplemented  by  the  more  rigid  tests  of  Dr.  Witmer 
and  Doctors  Haines  and  Davies  in  our  own  day.  In  similar  manner 
the  basis  of  the  beauty  found  in  symmetry  and  in  order,  and  the 
problems  related  to  rhythm,  have  been  closely  studied,  especially 
in  late  years  by  Lipps:  and  the  fundamental  principles  of  tonal 
relation,  and  of  melodic  succession,  by  Heltnholtz,  Stumpf.  and 
later  writers. 

But  all  ihe«e  studies  of  the  striking  cliaracteristics  found  in  the 
object  are  for  the  psychologist  necessarily  involved  with  the  study 
nf  the  distinctly  subjective  accompaniments  in  the  sense  of  beauty 
aroused  by  the  objective  fonns  thus  brought  to  our  attention,  and 
he  is  led  to  dwelt  upon  the  active  part  the  mind  takes  in  connection 
with  esthetic  appreciation.  We  see  this  tendency  in  Bcrenson's 
emphasis,  and  perhaps  on  the  whole  over-cmphaais,  of  the  import- 
ance of  the  interpretation  of  works  of  art,  in  the  group  of  what  I 
would  call  the  arts  of  sight,  in  terms  of  the  tactile  sensibilities.   But 
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we  sec  it  much  more  markedly  in  the  imimrtAiit  Btudies  of  Upps. 
who  shows  us  how  far  our  appivciation  of  beauty  io  nature,  and  in 
artistic  products,  is  due  to  tlie  syiniHithetic  introjectioii  uf  uursetvra 
as  it  were  into  the  object,  —  to  what  he  calls  EinfiiMung. 

But,  broad  as  he  Hhows  the  applicability  of  this  principle  Co  be,  it 
is  clear  that  we  have  nut  in  it  the  solution  of  the  fundamental  sralbetio 
problem  with  which  the  peychologtHt  must  deal  when  appealod  to  by 
the  ii«lhetician.  For  nn  one  would  claim  that  all  of  this  Rympathetio 
intrDJcction  —  this  Einj^lung  —  is  a%thetic:  the  a^atheUc  Einfuhl- 
ung  i£  of  a  special  type.  Nor  io  my  mind  docs  it  seem  dc&rly 
shown  that  there  arc  no  sources  of  beauty  which  do  not  involve  Oxis 
introjcction,  as  would  be  the  case  if  wc  had  reached  in  this  princii^e 
the  solution  of  the  fundamental  oratheLico-psychologic  problem.  For 
instance,  the  sense  of  beauty  experienced  when  I  look  at  Bome  oso 
bright  star  in  the  deep  blue  of  Ihe  heaven  seems  to  me  to  be  inex- 
plicable in  terms  of  such  introjcction. 

.  All  this^  work,  however,  brings  help  to  the  practical  artist  and  to 
the  critic.  They  do  not  acknowledge  it  fully  to-day.  but  year  by  year, 
more  and  more  will  the  influence  of  the  rceulls  of  these  studies  be 
felt  as  they  gain  the  attention  of  thinking  men. 

Nevertheless,  we  cannot  but  face  the  fact  tliat  the  practical  beDefit 
to  be  gained  from  them  is  of  a  negative  «ort.  There  is  no  royal  road 
to  the  attainment  of  beauty;  but  the  psychologist  is  able  to  point 
out,  by  the  methods  here  considered,  the  inner  nature  of  certain 
sourcesof  beauty;  thus  teaching  the  artist  howhemaya^'oidugliaeas, 
and  even  indicating  to  him  the  main  direction  in  which  bo  may  beet 
travel  toward  the  attainment  of  his  goal. 

But.  after  all,  the  relations  thus  discovered  in  the  beautiful  object, 
and  the  related  special  analyses  of  mental  functiooiog  which  arv 
involved  with  our  appreciation  of  beauty,  tell  us  of  but  relatively 
isolated  bite  of  the  broad  realm  of  beauty.  Tlie  objects  which  arouse 
within  us  the  sense  of  beauty  are  most  diverse,  and  equally  diverse 
arc  the  modes  of  mental  functioning  connected  with  the  appreciation 
of  their  hrauty.' 

And  this  has  led  to  the  formulation  of  such  principles  as  that  o| 
the  *'  unity  of  manifoldneas  '*  of  which  Fechner  makes  so  much,  and 
that  of  the  monarchiactun  Unterordnung  which  Lipps  has  more  lately 
enunciated. 

It  ia  indeed  of  great  interest  to  inquire  why  it  ia  that  the  prooossw 
which  Ifnrl  to  the  recognition  of  thesf  principles  are  so  clearly  defined 
in  many  cases  where  the  sense  of  beauty  is  arouaed.  But  very  evi- 
dently these  general  prineiples,  important  though  they  be  la  thcnv- 


I  Nothtny  has  sbowti  tbii  more  dearly  tluui  Uw  bTwUgotlooa  at  Ilsinai  and 
Davlsi  In  rtl«rcaee  to  tho  Ooldea  fieelloa  of  which  we  hav«  «pakim  shove.  See 
PwfAalafieal  Emtmo,  xi,  416. 
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selves,  are  not  ones  upon  wfaioh  we  can  afTord  to  rest:  for  clearly 
they  apply  in  vpry  many  caBee  where  beauty  does  not  claim  sw-ay. 

Our  whole  nicrital  life  exentplilles  the  uniScation  of  tbe  inani/otd, 
and  monarchic  <iiibordination.  whether  the  processes  be  fFSthetic  or 
not.  It  docs  not  siifTice  U8  to  show,  what  in  thun  ghouii,  that  the 
SBthetic  states  conform  ^^ith  conditions  of  our  mental  life  that 
have  a  broad  significance,  although  it  is  of  great  importance  to 
demonstrate  the  fact:  for  our  mental  functioning  in  the  apprecia- 
tion of  beauty  appears  thus  as  in  truth  an  important  type,  but 
for  all  that  but  a  special  and  peculiar  type  of  the  functioning  which 
we  thus  bring  into  prominence. 

The  problem  then  remains,  what  is  the  special  nature  of  this 
functioning  which  yields  to  us  the  sense  of  beauty? 

And  here  in  my  view  we  have  the  problem  which  is  of  prime 
importance  to  lesthetics  to-day.  and  which  psycholog>'  alone  can 
answer;  namely,  wliat  is  the  characteristic  that  differentiates  the 
sense  of  beauty  from  all  other  of  our  mental  states?  L'util  this 
question  is  answered,  at!  else  must  seem  of  secondary  importance 
from  the  standpoint  of  theoretical  psycholt^y,  however  important 
other  forms  of  inquiry  may  be  from  a  practical  point  of  view. 

When  the  pttycholngist  turns  his  attention  to  this  problem,  he 
at  once  perceives  that  he  is  unable  to  limit  his  inquiry  to  the  experi- 
ence of  the  technically  traintnl  artist,  or  even  to  that  of  the  man  of 
culture  who  gives  close  attention  to  u^uthetic  appreciation. 

Beauty  is  experienced  by  all  men.  But  beauty  is  very  clearly  of 
varied  types,  and  Ihe  sense  of  beauty  is  evidently  called  out  by 
impressions  of  most  varied  nature ;  but  the  fields  of  what  is  considered 
beautiful  by  different  people  so  far  overlap  that  we  can  rest  assured 
that  we  all  refer  to  an  experience  of  the  same  characteristic  mental 
state  when  we  proclaim  the  existence  of  beauty;  for  when  we  by 
general  agreement  use  a  special  term  as  descriptive  of  an  objective 
impression,  we  do  so  because  this  impression  excites  in  ua  certain 
more  or  less  specific  mental  states;  and  when  different  people  use 
the  same  term  in  reference  to  objects  of  diverse  nature,  wc  are  wont 
to  assume,  and  are  in  grtieral  correct  in  assuming,  that  these  objects 
affect  these  different  people  in  approximately  the  same  way. 

It  seems  probable,  therefore,  that  if  the  child,  who  has  learned  how 
to  apply  words  from  his  elders,  speaks  of  haWng  a  beautiful  time  at 
his  birthday  party;  and  if  the  grown  man  speaks  of  a  beautiful  day; 
and  if  the  pathologist  speaks  of  his  preparation  of  morbid  tissue  as 
beautiful;  and  if  the  artist  or  connoisseur  speaks  of  the  beauty  of 
a  picture,  a  statue,  a  work  of  architecture,  a  poem,  a  symphony; 
then  theword  beauty  must  be  used  todescribe  a  certain  special  mental 
state  which  is  aroused  in  different  people  by  very  diverse  objective 
impresmnns. 
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This  vtpw  is  fttrcngthcned  vrhcn  wc  nnnaidcr  that  the  appHcatloD 
of  the  icmi  by  indi\'iduals  changes  a«  they  develop  naturally  or  by 
proccasMt  of  education;  and  that  the  standards  uf  beauty  alter  in 
like  manner  in  a  race  from  generation  to  generation  as  it  advances 
in  its  development. 

We  must  then  look  for  the  essence  of  beauty  in  some  quality  of 
our  mental  states  which  is  called  up  by  different  objective  impres- 
sions in  different  people,  and  under  diverse  conditions  by  different 
objects  at  different  times  in  the  same  individual. 

Search  for  such  a  quality  has  led  not  a  few  psychologists  to  took 
tu  pleasure  as  the  quality  of  our  mental  statea  which  is  most  Hkely 
to  meet  oiu-  demand.  It  is  true  that  the  con«deration  of  pleasure 
as  of  the  essence  uf  the  sense  of  beauty  has  not  often  been  seriously 
carried  out;  apparcnily  because  so  many  of  what  wo  speak  of  as  our 
most  vivid  pleasures  appear  as  non-sethetic;  and  because  plcaaurv 
is  recognized  to  be  markedly  evanescent,  while  beauty  is  thought  of 
as  at  least  relatively  permanent. 

It  is  true,  also,  that  there  is  a  hesitancy  in  using  the  word  pleasure 
in  this  connection;  many  writers  preferring  the  less  definite  word 
"feeling"  in  English,  and  "gcfiihl"  in  German.  But  by  a  large 
number  of  psychologists  the  words  pleasure  and  feeling  are  used  aa 
synonyms;  and  those  who,  with  me.  agree  that  what  we  loosely  call 
feeling  is  broader  tlian  mere  pleasure,  must  note  that  it  is  the  pleas- 
urable aspect  alone  of  what  is  railed  "feeling"  that  is  essentially 
related  to  our  ejcperience  of  the  sense  of  beauty. 

All  of  us  agree,  in  any  event,  that  the  sense  of  beauty  13  bi^y 
pleasant;  and, in  fact, most  of  our  srothettcians  have  come  to  aamme 
tacitly  in  their  writings  that  the  held  of  esthetics  must  be  treated 
as  a  field  of  pleasure-getting;  and  this  whether  or  not  they  attempt 
to  indicate  the  relation  of  pleasure-getting  to  the  sense  of  beauty. 

The  suggestion  that  pleasure  of  a  certain  type  is  of  the  easence  of 
beauty  seems  the  more  likely  to  prove  to  be  satisfactory  when  we 
eonuder  that  pleasure  is  universally  acknowledged  to  be  the  con- 
tradictory opposite  of  pain;  and  that  we  have  in  ugliness,  whteh  is 
always  unpleasant,  a  contradictory  opposite' of  beauty.* 

Clearly  then  it  behooves  the  psychologist  to  give  to  the  lesthetician 
an  account  of  the  nature  of  pleasure  which  shall  be  compatible  with 
the  pleasurable  nature  of  the  sense  of  beauty;  and  which  shall  either 
explain  the  nature  of  this  senm  of  beauty  in  terms  of  pleasure,  or 
explain  the  nature  of  pleasure  in  a  manner  which  shall  throw  light 
upon  the  nature  of  this  sense  of  beauty  to  which  pleasure  is  so  indis- 
Bolubly  attached, 

■  It  is  of  oouraa  aemed  that  beauty  tnd  u^mw  may  be  )»ld  toprthv  in  • 
eom|dex  itnpnamon:  but  in  nich  obmm  tha  beautf  and  ti>c  ugUunto  ue  fabsnol 
la  divenw  oMmtHiU  of  the  oonplev. 
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The  astbctician  thus  demands  argcntly  of  the  psychobgiBt  an 
anfllj-sL-i  of  the  nature  of  pleasure;  and  an  analysia  of  this  ao- 
called  "feeling,"  which  shall  show  the  relation  between  the  two 
experiences. 

Concerning  the  latter  probWin  I  hope  some  day  to  have  something 
to  say. 

Those  uf  you  who  happen  to  be  familiar  with  my  published  works 
will  realize  that  my  efforts  in  thia  field  in  the  past  have  been  given 
largely  to  the  study  of  the  former  problem.  My  own  view  may  be 
succinctly  stated  thus. 

While  all  esthetic  experiences  are  pleasant,  very  evidently  much 
that  we  coil  plesfiant  is  not  esthetic.  Wc  must  took  then  for  some 
special  differentiation  of  vsthetic  pleasure,  and  this  1  find  in  its 
relative  permanency. 

This  view  is  led  up  to  by  a  preliminary  study  of  the  psychological 
nature  of  pleasure. 

Pleasure  I  find  to  be  one  phase  of  a  general  quality  —  Pleasure- 
Pain —  which,  under  proper  conditions,  may  inhere  in  any  emphasis 
within  the  field  of  attention,  or,  to  use  more  common  language,  may 
belong  to  any  element  of  attention. 

Now  pleasure,  as  we  have  said,  is  notably  evanescent,  but  this 
doee  not  preclude  the  existence  of  pleasurable  states  of  attention 
which  are  relatively  permanent.  Tliis  permanency  may  be  given  by 
the  sliiftiug  of  attention  from  oue  pU-juiurable  element  to  another; 
by  the  summation  of  very  moderate  pleasures,  etc.,  etc. 

Any  pleasant  psychic  element  may  become  an  element  of  an 
awthetic  complex:  and  any  psychic  complex  which  displays  a  relative 
permanency  of  pleasure  is  in  that  fact  ssthetic.  Our  testbetic  states 
are  those  in  which  many  pleasant  elements  are  combined  to  produce 
a  relative  permanency  of  pleasure. 

Our  "  non-£8thetlc  plesisure^,"  so  called,  are  those  states  which 
have  been  experienced  in  the  past  as  vividly  pleasant,  and  to  which 
the  name  pleasure  has  become  indissolubly  attached:  but  they  are 
states  which  do  not  produce  a  relatively  permanent  pleasure  in 
rc%'ival;  and  correctly  speaking,  are  not  pleasures  at  the  moment 
when  they  arc  described  as  such,  and  at  the  same  time  as  non- 
icsthetic. 

I  am  glad  to  feci  that  this  view  of  mine  is  not  discrepant  from  that 
of  Dr.  Santayana,  as  given  in  quit*  different  t<rms  in  his  book  en- 
titled The  ScTue  of  Beauty.  For  what  is  relatively  permanent  has 
the  quality  which  I  call  rcalneas;  and  that  in  experience  which  has 
realness  we  t-cnd  to  objectify.  Hence  it  is  quite  natural  to  find  Dr. 
Santayana  defining  beauty  as  objectified  pleasure. 

You  will  not  blame  me  I  believe  for  thinking  that  my  own  defini- 
tion eut^  down  closer  to  the  root  of  the  matter  than  Dr.  Santayana 'a. 
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But  if  this  theory  of  mine  is  found  wanitnjg;,  the  a»thet>eian  will 
not  wase  to  call  upon  the  psycholopst  for  some  other  which  shal! 
meet  the  demnnds  of  introspection;  and  which  shall  accord  with  our 
experiences  of  the  sense  of  beauty,  which  in  all  their  wealth  of  impnS' 
sion  the  fosthetinian  off'ers  to  the  psycholo^t  fts  data  for  the  Ubor* 
ious  studv  asked  of  him. 


Before  leaving  this  wibjeot  I  may  porhaps  br  allowed  to  eat 
attention  to  the  fact  that  the  theoretical  view,  which  places  the  essenee 
of  the  sense  of  beauty  in  pleasure-getting,  if  it  pro%'e  to  be  true,  ts 
not  without  such  practical  applications  as  arc  so  properly  demanded 
in  our  time.  For  if  this  vIl-w  is  correct,  it  teaches  1^)  (he  critic  a  Icsnon 
of  eympothetic  tolerance;  for  he  learns  from  it  that  the  sources  from 
which  the  sense  of  Iwauty  are  derived  differ  very*  markedly  in  people 
of  diverge  types:  and  it  warns  him  also  against  the  danger  of  an 
artiiicinl  limitation  of  hia  own  aisthetic  seaae,  which  \rill  surely 
result  unless  he  carefully  avoids  the  narrowing  of  his  interests. 

It  teaches  further  that  there  is  no  validity  in  the  distinction 
between  5ne  art  and  feetheties  on  the  one  hand,  and  beauty  on  the 
other,  oil  the  ground.  (Huninoiily  accepted  by  the  highly  trained 
artist  and  connoisseur,  that  a  work  of  art  may  deal  with  wimt  is  not 
Iteautiful. 

For  it  appeant  that  while  the  sense  of  beauty  i«  the  name  for  eaiOi 
of  us,  the  objects  which  call  it  out  arc  in  some  measure  different,  for 
each. 

Now  it  happens  naturally  that  the  objects  which  arouse  (he  senae 
of  beauty  in  a  large  pmportion  of  men  of  culture  get  the  wonl  beauty 
firmly  attached  to  them  in  common  speech. 

But  under  the  view  here  maintained,  it  must  bo  that  the  highly 
trained  artist  or  critic  will  pass  l>eyond  these  commoner  men,  and 
find  his  sense  of  beauty  aroused  by  objects  and  objective  relations 
ituitc  different  from  those  which  arouse  the  BcnAe  of  beauty  in  the 
Ooiamoner  man;  so  that  often  he  may  deal  with  the  beauty  of 
elements  in  connection  with  which  beauty  is  unknown  to  the  com> 
moner  man,  and  even  with  elements  which  arouse  a  sense  of  ugliness 
in  the  commoner  man;  while  on  the  other  hand  the  objects  which 
the  commoner  man  nignallxes  as  most  beautiful,  and  which  are  cur- 
rently so  called,  may  not  arouse  in  the  trained  artist  or  critic  the 
sense  of  beauty  which  ts  now  aroused  in  him  by  effects  of  Im^aJer 
nature,  and  of  less  common  experience. 

The  critic  and  the  skilled  artist  thus  often  find  their  :e«ithetie  aenatt 
aroused  no  longer  by  theobjects  to  which  the  word  beauty  has  by  com* 
mon  consent  oome  to  be  at  tached ;  although  vn  th  the  commoner  man  he 
still  use*  the  word  lieauty  as  dcseriplive  of  the  object  ix-liich  arouaea 
the  icsthetic  thrill  la  the  maaa  of  normally  educated  lutn.    He  may 
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even  find  his  ipsthetic  aeose  aroused  by  what  the  common  man  calla 
ugty;  although  it  a  for  himself  really  b^utiful.  And  he  comes  thus 
quite  imprupeiiy  to  think  of  the  highest  art  as  in  a  measure  inde- 
pendent of  what  he  calls  "mere  beauty."  What  he  has  a  right  (0 
say,  ho^vever,  lu  merely  this,  that  the  Highest  art  deala  with  sources 
of  beauty  which  are  not  appreciated  by  even  the  generally  well- 
cultivated,  man. 


I  hare  dwelt,  perhaps,  too  long  on  the  psychological  problems 
presented  when  the  psychologist  attempts  to  describe  to  the  jeslhet- 
ician  the  nature  of  the  experience  of  one  who  appreciates  beauty; 
and  have  left  perhaps  too  little  time  for  the  consideration  of  the 
problems  presented  when  he  is  asked  to  consider  the  nature  of  the 
experience  of  the  artist  who  creates. 

The  man  who  finds  strongly  developed  within  him  the  creative 
tendency,  is  wont,  when  he  turns  to  theory,  fo  lay  emphasis  upon 
expreaaion  as  of  the  essence  of  beauty. 

It  is,  of  course,  to  be  granted  that  the  process  of  Einftihlung,  — 
of  introjection, — above  referred  to,  leads  us  to  find  a  source  of 
beauty  in  the  vague  imagination  of  ourselves  as  doing  what  others 
have  done;  and  we  may  take  great  esthetic  delight  in  reading, 
through  his  work,  the  mind  of  the  man  who  has  created  the  object 
of  beauty  for  us.  But  evidently,  when  wc  lay  stress  upon  this  intro- 
jection, we  are  dealing  with  the  approeiation  of  beauty,  and  not  with 
the  force  which  leads  to  its  production. 

Just  as  clearly  is  it  impossible  to  hold  that  expression  is  of  the 
essence  of  the  making  of  beauty.  For  expressiveness  is  inv-olved  in 
all  of  man's  creative  actiWty,  much  of  which  has  no  relation  what- 
ever to  the  esthetic.  The  expression  of  the  character  of  the  genius 
of  the  inventor  of  a  cotton  loom,  or  of  the  successful  leader  of  an 
army  in  a  bloody  battle,  excites  our  interest  and  wonder;  but  th6 
expression  of  his  charncter  as  read  in  the  result  accomplished  does 
not  constitute  it  a  work  of  beauty. 

I  apeak  of  this  point  at  this  length  because  in  my  opinion  views 
of  the  nature  of  that  here  objected  to  could  not  have  been  upheld 
by  stich  men  as  Busanquet  and  V^rnn  had  Ihey  kept  clear  the  dis- 
tinction referre<l  t«  above  bi^tween  the  experience  of  one  who  ap- 
preciates beauty,  and  the  experience  of  the  creative  artist;  and 
cepccially  because  the  teaching  of  the  doctrine  thus  combated  is 
wont  to  lead  the  artist  whose  crj'is  "Art  for  Art's  sake"  to  e-xoeseive 
self-satisfaction,  and  to  lack  of  restraint  which  leads  to  failure.^ 

• 

■  In  order  to  avoid  misundpntftBding.  I  mftr  uy  hcvw  that  notwittutMMlfair 
thmc  rnmaric*  I  un  in  full  Mvinpathy  with  the  artist  who  thiu  txpnmm  himteli. 
w  will  proHoUy  appear  clear. 
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The  strong  hold  which  this  theory  has  in  many  mlnda  has  its  value, 
however,  in  the  emphasia  of  the  fact  that  aesthetic  creation  is  due 
to  impulses  which  arc  bom  of  innate  instincts  expressing  thcm- 
selvca  in  the  production  of  works  of  beauty.  An<]  if  this  be  so,  we  soe 
how  true  it  must  be  that  each  of  us  must  have  in  him  some  measure 
of  this  instinct;  and  that  the  appearance  of  its  appropriate  impulses 
should  not  mislead  us,  and  induce  us  to  devote  our  Uvea  to  the 
worship  of  the  Muses,  unless  we  become  convinced  that  no  other  work 
can  adequately  express  the  best  that  is  in  us. 

But  the  true  artist  is  not  troubled  by  such  questionings.  He  finds 
himself  carried  a\^'ay  by  what  is  a  true  pasmon;  by  what  is  instinct- 
ive and  not  ratiocinative. 

The  fact  that  the  artist  is  thus  impelled  by  what  may  well  be  called 
the  "art  instinct"  is  one  he  could  only  have  learned  from  the  psy- 
chologist, or  when  in  introspective  mood  he  became  a  psychologist 
himself;  and  it  carries  with  it  corollaries  of  great  value,  whidi  the 
peychologist  alone  can  elucidate. 

It  teaches  the  artist,  for  instance,  that  bis  success  must  be  deter- 
mined by  the  measure  of  this  instinct  that  is  developed  within  him; 
that  he  must  allow  himself  to  be  led  by  this  instinct;  that  his  best 
work  will  be  his  "spontaneous"  work.  This,  of  course,  is  very  (or 
from  saying  that  he  cannot  gain  by  training;  but  it  does  mean  that 
he  must  learn  to  treat  this  training  as  his  tool;  that  he  must  not 
trust  overmuch  to  his  ratiocinative  work,  the  result  of  which  must 
be  asramilated  by,  and  become  part  of,  his  impulsive  nature,  if  he  is 
to  be  a  master. 

An  artist  is  one  in  whom  is  highly  developed  the  instinct  wliich 
leads  him  to  create  objects  that  arouse  the  sense  of  beauty.  The 
expression  of  this  instinct  marks  his  appropriate  functioning.  Uc 
may  incidentally  do  many  useful  things,  and  pmducc  results  apart 
from  his  special  aptitude;  but  as  an  artist  his  work  is  solely  toad 
completely  bound  up  in  the  production  of  works  of  beauty. 

We  naturally  ask  here  what  may  be  the  function  in  life  of  the 
expressions  of  such  an  instinct  as  we  have  been  studying,  and  this 
leads  us  to  consider  a  point  of  more  than  psychological  interest, 
and  turns  our  thought  to  our  second  division. 


n.  The  ReUUion  of  jEsth^ia  to  Pkiloaophjf 

For  while  the  science  of  psychology  must  guide,  it  can  never  dom- 
inate the  thoughtof  the  philosopher  whostrivee  to  gain  a  broad  view 
of,  the-world  of  experience;  and,  as  will  appear  below,  the  ttsthetician 
calls  upon  the  philosopher  for  aid  which  the  psychologist  as  such 
cannot  give. 
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In  approaching  this  subject  wc  may  take  at  the  start  what  we  may 
call  the  bruadly  philosophical  view,  atid  may  conader  the  (juestion 
raised  immediately  above,  where  we  ask  what  may  be  the  function 
in  life  uf  the  art  inBtinct,  and  what  the  sigmficaiice  of  the  Eesthetic 
production  to  which  its  expression  leads. 

We,  in  our  day,  are  still  strongly  influenced  by  the  awakening  of 
iterost  in  the  problems  of  organic  development  with  which  Darwin's 
is  identified,  and  thus  naturally  look  upon  this  problem  from 
ai  gen6tic  point  of  view;  from  which,  to  my  mind,  artistic  expression 
ippears,  as  I  have  clacwherc  argued  at  length,  as  one  of  nature's 
'zneans  to  enforce  social  coiisoUdation.  But  it  is  possible  that  we 
ore  led,  by  the  prcscnt-day  interest  above  spoken  of,  to  over" 
^emphasizc  the  importance  of  the  processes  of  the  tinfolding  of  our 
ipacities,  and  it  is  not  improbable  that  those  who  follow  us,  less 
blinded  by  the  brilliancy  of  the  achievement  of  the  evolutionista, 
may  be  able  to  look  deeper  than  we  can  into  the  essence  of  the 
teleological  problem  thus  raised. 

That  art  is  worthy  for  art's  sake  is  the  conviction  of  a  large  body 
'Of  artists,  who  labor  in  their  chosen  work  oft«n  with  a  truly  martyr- 
*likc  sclf-abnegalion;  and  as  an  artist  I  find  myself  heartily  in  syDo- 
pathy  with  this  attitude.  Bui  aMthetics  looks  to  philosophy  for 
eome  account  of  this  artistic  rcAot.  which  shall  harmonize  the  artist's 
effort  with  that  of  mankind  in  general,  from  whom  the  artist  all  too 
often  feels  himself  cut  oH  by  an  impassable  gulf. 

The  atudy  of  aesthetics  by  the  philosopher  from  the  genetic  stand- 
point has,  however,  already  brought  to  our  attention  eome  facts 
which  are  both  eigni£cant  and  helpful. 

It  has  shown  us  how  slow  and  hesitant  have  been  the  steps  in  the 

development  of  xsthetic  accomplishment  and  appreciation  in  the 

rpasl,  and  how  dependent  these  steps  have  been  upon  economic  con- 

Iditions.    This  on  the  one  hand  arouses  in  us  a  demand  for  a  fuller 

'0tudy  of  the  relations  of  the  artistic  to  the  other  activities  of  men; 

and  on  the  other  hand  is  a  source  of  encouragement  to  critic  and 

artist  alike,  each  of  whom  in  every  age  is  apt  to  over-emphasize  the 

artistic  failures  of  his  time,  and  to  minimize  the  importance  of  its 

arwatic  accompUahment. 

This  genetic  study  has  a  further  value  in  the  guidance  of  our 
critical  judgment,  in  that  it  shows  us  that  the  artistic  tendencies 
of  our  time  are  but  steps  in  what  is  a  continuous  piooees  of  develop- 
ment. It  shows  us  arts  which  Iiave  differentiated  in  the  past,  and 
teaches  ua  to  took  fur  further  artistic  differentiations  of  the  arts  in 
the  future;  thus  leading  us  to  critical  conclusions  of  no  little  im- 
portance. This  consideration  seems  to  me  to  be  of  aufiicient  interest 
to  warrant  our  dwelling  upon  it  a  little  at  length. 
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The  arts  of  greatest  importance  in  our  time  may  well  be  di^-ided 
into  the  arts  of  hearing  (that  is,  literature,  poetn*.  music),  and  the 
arts  uf  sight  (that  is,  architecture,  sculpture,  painting,  and  the 
graphic  arts). 

These  diverse  groups  of  arts  were  differentiated  long  before  any 
age  of  which  we  have  a  shadow  of  record.  But  many  animals  display 
what  seem  to  be  rudimentarj'  art  inetincts,  in  which  rhythmical  move- 
ment (which  ts  to  be  classed  ad  an  art  of  siglit)  and  tonal  arcompani- 
ment  ««>  invariably  combined  —as  Ihey  are  also  in  llie  dance  and 
song  of  the  aavagv;  and  this  fact  would  seem  to  indicate  that  m  the 
earliest  times  of  man's  rise  from  Ravaprry  Iho  differentiation  between 
(he  arte  of  sight  and  the  arts  of  hearing  was  at  least  very  incom- 
plete. 

But  lea\')ng  such  surmises,  we  may  consider  the  arts  of  sight  and 
the  arts  of  hearicg  in  themselves.  We  see  them  still  in  a  measure 
bound  together;  for  many  an  artist,  for  instance,  devotes  his  life 
to  the  making  of  paintings  which  "  tell  a  story,"  and  many  a  poet 
to  the  production  of  "word-pictures." 

In  general,  however,  it  may  be  said  that  the  arts  of  hearing  and 
the  aria  of  sight  express  themselves  in  totally  different  languages, 
80  to  speak,  and  Ihey  have  thus  differentiated  because  each  can  give 
a  special  form  of  lesthctic  delight. 

Turning  to  the  consideration  of  each  great  group,  we  note  thai 
the  arts  of  sight  have  become  clearly  diCTerentiatcd  on  linos  which 
enable  us  to  group  them  broadly  as  the  graphic  arts,  painting, 
sculpture,  and  architecture.  Each  of  these  latter  has  become  im- 
portant in  itself,  and  has  separated  itself  from  the  others,  just  so 
far  as  it  baa  shown  that  it  can  arouse  the  sense  of  beauty  in  a  man- 
ner which  its  kindred  arts  of  sight  cannot  approach.  It  is  true  that 
all  the  arts  of  sight  hold  together  more  closely  than  do  the  arts  of 
sight,  as  such,  with  the  arts  of  hearing,  as  such.  But  it  is  equally 
clear  that  the  bond  between  the  several  arts  of  sight  was  closer 
in  earlier  times  than  it  is  to-day,  in  the  fart  that  modeled  patn't- 
ing,  and  colored  sculpture,  were  common  mftlia  of  artistic  expres* 
nion  among  the  ancients,  (he  lai(«r  being  still  conventional  even  so 
late  as  in  the  times  of  the  greatest  development  of  art  among  the 
Greeks. 

But  the  modem  has  learned  that  in  painting  and  graphics  the 
artist  can  gain  a  special  source  of  beauty  of  color  and  line  which  he 
is  able  to  gain  with  lesa  distinctness  when  he  models  the  surfnce  upon 
■which  he  works:  and  the  cTperience  of  the  ages  has  gradually  taught 
the  sculptor  once  for  nil  that  he  in  his  own  special  medium  is  able 
to  gain  a  sperial  aourcc  of  l>pBnty  of  pure  form  which  no  other  arts 
can  reach,  and  that  this  special  type  nf  bniufy  cannot  be  brought 
into  as  great  emphasis  when  he  colors  his  modeled  forma. 
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In  my  view  we  may  well  state,  as  a  valid  critical  principle,  that, 
other  things  being  equal,  iu  any  art  the  arliet  does  beat  who  presents 
io  his  cboften  medium  a  source  of  beauty  which  cannot  be  as  well 
presented  by  any  other  art.  Tliat  this  principle  i»  appreciated  and 
widely  accepted  (although  implicitly  rather  than  explicitly)  is 
indicated  by  the  unrationalired  objection  of  the  cultivated  critic  in 
our  day  to  colored  sculpture  or  to  modeled  painting,  and  in  a  more 
special  direction  to  the  use  of  body-color  in  aquarelie  work.  The 
objection  in  all  cased  is  apparently  to  the  fact  that  the  artist  fails  to 
bring  into  prominence  that  typo  of  beauty  which  his  medium  can 
present  as  no  other  medium  can. 

Personally  I  have  no  objection  to  raise  to  a  recombination  of  the 
art«  of  sight,  provided  a  fuller  sense  of  beauty  can  thereby  be 
reached.  But  it  is  clear  that  this  recombination  becomes  more  and 
more  difficult  as  the  ages  of  development  pass;  and  I  IxiUeve  the 
principle  of  critical  judgment  above  enunciated  is  valid,  based  an 
it  is  upon  the  inner  scubp  of  cultivated  men. 

Better  than  attempts  to  rcoombine  the  already  (IifTerentiate<l 
arts  of  sight  are  attempts  to  use  them  in  conjunction,  so  that  our 
ahiftings  of  attention  from  one  type  of  beauty  to  another  may  carr>' 
with  them  more  permanent  and  fuller  ffsihctic  effects ;  and  Rucb 
attempts  wg  see  common  to-day  in  the  conjunction  of  architecture 
and  of  sculpture  and  of  painting,  in  our  private  and  public  gallcrice, 
in  which  are  collected  together  works  of  the  arts  of  sight. 


Now  if  we  turn  to  the  consideration  of  the  arta  of  hearing,  we  find 
a  correspondence  which  leads  to  certain  su^esttons  of  no  little 
importance  to  the  critical  anal>*8t  in  our  day. 

The  arts  of  hearing  have  become  difTcrentiated  ou  lines  which 
enable  us  to  group  them  broadly  as  rhetoric,  poetry  and  literature, 
and  miimc.  Kach  has  beeonio  inijxirtant  in  itself,  and  has  gradually 
separated  itsrlf  from  the  othem;  —  and  this  just  »o  far  as  it  has 
ehown  that  it  can  amusn  in  men,  in  a  special  and  peculiar  manner, 
the  sense  of  Iwauty, 

It  is  true,  as  nith  the  arts  of  sight,  that  the  special  arte  of  hearing 
still  hold  well  together. 

But  in  relatively  very  modern  times  nmsic,  h«\Tng  diacorered  a 

ritten  language  of  its  own,  has  clifTorentiatcd  very  distinctly  from 
other  arts  of  hearing.  Men  have  disco^'ered  that  pure  munic 
in  arouse  in  a  i^pcclal  manner  the  sense  of  beauty,  and  can  bring  to 
us  a  form  of  esthetic  delight  which  no  other  art  can  as  well  give. 

i'uetry  has  long  been  written  which  is  not  to  be  sung;  and  it  has 
gained  much  in  freedom  of  devetujmient  in  that  fact. 

Music  in  our  modem  times  is  composed  by  the  greatest  masters 
for  its  own  intrinsic  worth,  and  not  as  of  old  as  a  mere  accompani- 
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mpnt  of  the  spoken  wnrH  of  the  port;   the  existence  of  the  works 
of  BbcH,  to  mention  no  others,  tells  of  the  value  of  this  (Uffcrentiation. 

And  here  I  think  wo  may  apply  with  justice  the  principle  of  criticism 
above  presented.  The  poet  and  the  musician  each  do  their  beat  work, 
other  things  being  equal,  when  they  emphasize  the  forms  of  beauty 
which  their  several  arts  alone  can  give.  We  have  here  in  my  view 
a  rational  ground  for  the  repulsion  many  of  us  feel  for  the  eo-called 
"  programme  music  "  of  our  day. 

MuBJc  and  literature  of  the  highest  types  nowadays  present 
Bources  of  beauty  of  very  diverse  character,,  and  any  effort  to  mal 
one  subsidiary  to  the  other  ia  likely  to  lessen  the  esthetic  worth  oj 
each,  and  of  the  combination. 

Here  again  I  may  say  that  I  have  no  objection  to  raise  to  a  recom- 
binatJon  of  the  arts  of  hearing,  provided  a  fuller  sense  of  beauty 
can  thereby  he  reached.  But  this  recombination  becomes  year  by 
year  more  dilficult  as  the  several  arts  become  more  cleariy  differen- 
tiated, and  must  in  my  view  soon  reach  its  limit. 

The  opera  of  to-day  attempts  »uch  a  recombination,  but  does 
either  to  the  detriment  of  the  musical  or  of  the  literarj' constituent; 
that  h  clear  when  we  consider  the  musical  ineptitude  of  such  operaa 
as  deal  with  a  finely  developed  drama,  and  the  literary  erudeneae 
the  plot-interest  in  Wagner's  very  best  works.  Such  a  coneideration 
makes  very  clear  to  us  how  much  each  of  the  great  divlfiona  of  the 
arts  of  hearing  has  gained  by  their  differentiation,  and  by  their  inde- 
pendent development. 

Here  as  with  the  arts  of  sight  we  may.  in  my  view,  hope  for 
l>etter  leslhclic  results  from  the  development  of  each  of  the  differ- 
entiated arts  in  conjunction;  rather  from  the  persistent  attempt  to 
recombine  them,  mth  the  almost  certain  result  that  the  ssthetic 
value  of  each  will  be  reduced. 


But  ssthetics  demands  more  of  philosophy  than  an  account  of  the 
genesisof  art,  with  all  the  valuable  lessons  that  this  involves.  Itdc- 
mands,  rightly,  that  it'be  gi\-en  a  place  of  honor  in  any  system  which 
claims  to  give  us  a  rationalized  scheme  of  the  universe  of  experience. 

The  esthetician  tells  the  philosopher  that  he  cannot  but  ask 
himself  what  significance  leslhetic  fads  have  for  his  pluralwm,  or" 
for  his  monism.  He  claims  that  this  question  is  too  often  overiookftd 
entirely  or  too  lightly  considered ;  but  that  it  must  be  satisfactorily 
answered  if  the  system-maker  is  to  find  acceptance  of  his  view. 
And  in  the  attempt  to  answer  this  and  kindred  questions,  the  lesthet* 
ician  is  not  without  hope  that  no  inconsiderable  light  may  be  thromt 
by  tfa«  t^ilosopher  upon  the  solution  of  the  problccns  of  Rstlieti< 
itself. 
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Xor  am  the  problems  of  GDSthctics  without  relation  to  pure  meta- 
physic.  The  existence  of  axthetic  standanU  must  be  considered  by 
the  metaphysician,  and  these  standards,  with  (hose  of  logic  and  cthtcs, 
must  be  treated  by  him  as  data  for  the  study  of  ontological 
problems. 

But  beyond  this,  eesthctics  cries  out  for  special  aid  from  the 
ontologist.  What,  he  asks,  is  the  significance  of  our  staodarda  of 
awthetic  appreciation?  What  the  inner  nature  of  that  which  we  call 
the  real  of  beauty?  What  its  relation  with  the  real  of  goodness 
sod  the  real  of  truth? 

From  a  practical  standpoint  this  last-mentioned  question  is  of 
special  import  at  this  time.  For  the  world  of  art  has  for  centuries 
been  torn  asunder  by  the  contention  of  the  xsthetic  realists  and  their 
opponents. 

That,  in  its  real  essence,  beauty  is  truth,  and  (ruth  beauty,  is 
a  claim  which  has  oft«n  been,  and  is  still  heard;  and  it  is  a  claim 
which  must  finally  be  adjudicated  by  the  metaphysician  wlio  deals 
with  the  nature  of  the  real. 

The  practical  importance  of  the  solution  of  this  problem  is  brought 
home  forcibly  to  those  who,  like  myself,  seem  to  see  marked  sestheUc 
deterioration  in  the  work  of  thoae  artists  who  have  been  led  to  Ust«n 
to  the  claims  of  iosthetic  realism;  who  learn  to  strive  for  the  expres- 
sion of  truth,  thinking  thus  certainly  to  gain  beauty. 

That  many  great  artists  have  announced  themselves  as  a:sthetic 
realists  shows  how  powerfully  the  claims  of  the  doctrine  appeal  to 
them.  But  one  who  studies  the  artistic  work  of  Leonardo,  for  in- 
stance, cannot  but  believe  that  he  was  a  great  artist  notmthttafiding 
hi«  theoretical  belief,  and  cannot  but  believe  that  all  others  of  hie 
way  of  thinking,  so  far  as  thpy  are  artists,  are  such  because  in  them 
senius  has  overridden  their  dogmatic  thought. 

It  is  clearly  not  without  significanet*  that  the  worid  of  values  is 
by  common  consent  held  to  be  covered  by  the  categories  of  the  True, 
the  Good,  and  the  Beautiful.  This  common  consent  seems  surely 
to  imply  that  each  of  the  three  U  independent  of  the  other  two, 
although  all  arc  bound  together  in  one  group.  And  if  this  is  true,  then 
the  claim  of  the  a:sthctic  realist  can  surely  not  be  correct. 

But  this  claim  will  not  be  overthrown  by  any  reference  to  such 
a  generalization  as  that  above  mentioned.  The  claim  of  the  esthetic 
r^ist  is  based  upon  what  he  feels  to  be  clear  evidence  founded  upon 
experience;  and  he  cannot  be  answered  unless  we  are  able  to  show 
him  what  is  the  basis  for  his  ready  conviction  that  truth  and  beauty 
are  one  and  identical;  and  what  is  the  true  relation  between  the 
True,  the  Good,  and  the  Beautiful.  And  these  problems,  which  are 
in  our  day  of  \'ital  importance  to  the  artist,  the  philosopher  alone 
can  answer. 
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In  my  view  some  aid  in  tbe  solution  of  this  problem  may  be  gained 
from  the  examination  of  the  meaning  of  our  terais.  From  this  study 
1  fed  convinced  that  we  must  hold  that  when  we  speak  of  the  True, 
and  the  Good,  and  the  Beautiful,  as  mutually  excluiiive  a»  above, 
we  use  the  term  "  true  "  in  a  narrow  sense.  On  the  other  hand,  the 
True  is  often  used  in  a  broader  setiae,  as  equivalent  to  the  ReaL 

This  being  so  we  may  say 

That  the  Beautiful  is  the  Real  aa  discovered  in  the  world  of  tu- 
preaaiou;  the  relatively  permanent  pleasure  which  gives  tis  the  sense 
of  beauty  being  the  most  elablc  characteristic  of  those  parts  of  the 
field  of  impression  which  interest  us  we  may  also  assent 

That  the  Good  is  the  Real  as  discovered  in  the  world  of  expression . 
that  is,  of  impulse,  which  is  due  to  the  inhibited  capacity  for  expres- 
sion, and  the  reaction  of  the  mlt  in  ita  eH'orta  lo  br^-ak  down  the 
inhibition.   And  in  the  same  way  we  may  conclude 

Tliat  the  True  (using  the  term  in  the  narrow  sense)  is  the  Real 
as  discovered  in  the  rc&lni  of  experience  exclusive  of  impressioti  or 
expression. 


The  Real 

nr 
The  True 
(in  the  broad  sense 
of  the  term) 


'  a.  The  Real  of  Impression  —The  Beautiful 
fi.  The  Real  of  Expreseiou  —  Th^  Good 


The  Rc-al  in  realms 
exclusive  of  a  and  fi 


—  The  True 

(in  the  narrower 
sense  of  the  term) 

That  the  Beautiful  is  part  of  the  Real,  that  is,  is  always  thf! 
Trub,  iuing  the  term  tme  in  the  broader  seme,  w  not  questioned:  and 
that,  in  my  \iew,  ia  the  theoretical  truth  recognized  by  the  ssthetjc 
realists.  But  in  practice  the  nethetic  realist  maintains  that  the 
beautiful  Ls  always  the  trup.  tuirut  the  term  true  in  the  narrow  §aiie, 
and  in  this,  in  my  view,  licft  his  error. 

And  if  the  relation  of  the  beautiful  to  the  true  demands  the 
att'Pntion  of  the  philosopher,  equally  so  docs  the  relation  of  ihe 
beauliful  to  the  good.  As  I  look  upon  it,  all  of  the  true  (using  thr 
term  as  almve  explained  in  the  narrow  sense)  and  all  of  the  good, 
80  far  OS  eithor  involve  relatively  permanent  pleasure  of  imprmmnn. 
areposfuble  rlt-mcntB  of  beauty.  But, on  the  other  liand,  it  seems  deur 
that  neither  the  true  (still  using  the  term  in  the  narrower  sense),  nor 
the  gfwd,  is  neceesarily  pleasing,  but  may  be  unpleasant,  and  thcrr- 
forc  either  of  them  may  be  an  clement  of  ugliness,  and  as  such  must 
lose  all  poa^hilily  of  becoming  an  element  in  the  iKAUtiful. 

One  further  word,  in  riusing,  upon  the  closely  allied  qumtion  as 
to  the  nature  of  worth-vahim.  There  is  a  worth-value  Involvod 
m  the  Good,  and  a  worth-value  involved  in  the  True,  and  a  worth- 
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value  involved  in  the  Beautiful:  and  each  of  these  worth-values 
in  itself  seems  to  be  involved  with  pleasure-getting.  Now  if  this  is 
the  case,  then,  under  the  theory  I  uphold,  any  worth-value  should  be 
a  possible  cesthetic  element,  and  this  I  think  it  will  be  granted  is 
true.  But  the  distinctions  between  these  worth-values  are  on  differ- 
ent planes,  as  it  were.  In  the  case  of  the  worth-value  of  the  Good, 
we  appreciate  the  worth-pleasure  within  the  realm  of  the  Real  of 
Expression,  that  is,  of  impulse.  In  the  case  of  the  worth-value  of  the 
True  (in  the  narrow  sense) ,  we  appreciate  the  worth-pleasure  within 
the  realm  of  the  Real  in  other  fields  than  that  of  expression  or  that 
of  impression.  In  the  case  of  the  worth-value  of  the  Beautiful,  we 
appreciate  the  worth-pleasure  within  the  realm  of  the  Real  of  Im- 
pression; that  is,  we  appreciate,  with  pleasure,  the  significance  for 
life  of  the  existence  of  relatively  permanent  pleasure  in  and  for 
itself. 
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gemtine iCunatwi99en9cho/t ;  Rnataaiiy  other  worVs  and  papers  on  iitiilosuphy.] 


In  the  dcvelopmeot  which  our  soienoe  has  undergone,  from  ite 
inception  up  to  the  present  day,  one  thought  has  held  a  central 
place,  —  that  ffislhetic  «iijoyment  and  production,  beauty  and  art, 
are  instiparably  allied.  The  subject-matter  of  this  science  is  held  to 
be,  though  varied,  of  a  iinitAry  character.  Art  is  conBidered  as  the 
rcpreaentatiou  of  tim  iK-autiful.  which  comes  to  iiass  out  of  an  sea- 
thotic  state  or  condition,  and  is  experienced  in  a  similar  altitude;  the 
eeicnco  which  deals  with  these  two  psychical  stales,  with  the  beau- 
tiful aad  its  modifications,  and  with  art  in  its  varieties,  is,  inaunuoh 
as  \i  oonstitatee  a  unity,  designated  by  the  single  name  of  anthetioe. 

The  critical  thought  of  the  present  day  is,  however,  beginning  to 
question  whether  the  beautiful,  the  ffiathetic,  and  art  Htand  to  one 
another  in  a  relation  that  can  be  termed  almost  an  idenuty.  The 
undivided  sway  of  the  beautiful  has  already  been  assailed.  Since 
art  includes  the  tragic  and  the  comic,  the  graceful  and  the  sublime, 
and  even  the  ugly,  and  since  a»thetic  pleaaurc  can  attach  itaelf  to 
all  these  categories,  it  is  clear  that  by  "the  beautiful"  aomething 
narrower  must  be  meant  than  (he  artistlcnlly  and  s'sihelically 
valuable.  Yet  beauty  might  still  constitute  the  end  and  aim  and 
central  point  of  art,  and  it  might  be  that  the  other  ealcgoriea  but 
denote  the  way  to  beauty  —  beauty  in  a  state  of  becomirg,  is  it 
were. 

But  even  this  view,  which  sees  in  beauty  the  real  content  of  art, 
and  the  central  object  of  aesthetic  cxperienecti,  is  opep  to  serious 
queelion.  It  is  confronted  with  the  fact,  above  all,  that  the  licaaty 
enjoyed  in  life  and  that  enjoyed  in  art  are  not  the  same.  The  artistli 
copy  of  the  beauty  uf  nature  takes  on  a  quit«  new  eharactir.  Solid 
objects  in  space  become  in  painting  flat  pictures,  the  existt-nt  is  in 
poetry'  transformed  into  nuitl«r  of  speech;  and  in  every  realm  Is  a 
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like  mecAinorphosis.  The  subjective  impression  might  indeed  be  sup- 
poaed  t«  remain  tbo  same,  in  spite  of  objective  differentiatinn*.  But 
even  that  is  not,  the  case.  Liinng  human  beauty  —  an  acknowledged 
passport  for  its  poBseeeor  —  speaks  to  all  our  senses;  it  often  stire 
Hex-feeling  in  however  delicate  and  scarce  eonseious  a  way;  it 
involuntarily  infiuencea  our  actions.  On  the  other  hand,  there  hangs 
about  the  marble  statue  of  a  naked  human  being  an  atmosphere 
of  coolness  in  which  we  do  not  consider  whether  we  are  looking 
upon  man  or  woman:  even  the  most  beauteous  body  is  enjoyed  as 
sexless  shape,  like  the  beauty  of  a  landscape  or  a  melody.  To 
the  ffiKthctic  impression  of  the  forest  belongs  iLs  aromatic  fragrance, 
to  the  impression  of  tropical  vt^etation  its  glowing  heat,  while 
from  the  enjoyment  of  art  the  sensations  of  the  lower  senses  are 
barred.  In  return  for  what  is  luBt,  as  it  were,  art-enjoyment  involves 
pleasure  in  the  personality  of  the  artist,  and  in  his  power  to  over- 
come difficult  ins,  and  in  the  same  way  many  other  clement*  of  pleas- 
ure, which  are  never  produced  by  natural  beauty.  AcconUugly, 
what  we  call  beautiful  in  art  must  be  distinguished  from  what  goee 
by  that  name  in  life,  both  aB  regards  the  object  and  the  subjective 
impression. 

Another  point,  too,  appears  from  our  examples.  Afeuming  that 
w«  may  call  the  pure,  pleasurable  contemplation  of  actual  things 
and  events  teethelic,  ~  and  what  reason  against  it  could  \)c  adduced 
from  common  usage  T  —  it  is  thus  clear  that  the  circle  of  the  lesthetic 
is  wider  than  the  field  of  art.  Our  admiring  and  adoring  self-abandon- 
ment to  nature-beuuties  bcarti  all  the  marks  of  the  [esthetic  attitude, 
and  needs  for  all  that  no  connection  with  art.  Further:  in  all  in~ 
tellectual  and  social  spheres  a  part  of  the  productive  energy  cjcpreeses 
itself  in  {esthetic  forms;  the^c  products,  which  are  not  works  of  art, 
are  yet  [csthetically  enjoyed.  As  numberless  facts  of  daily  experience 
show  us  that  taste  can  develop  and  become  cHective  independently 
of  art.  we  must  then  concede  to  the  sphere  of  the  Ksthetio  a  wider 
circumference  than  that  of  art. 

Hiia  is  not  to  maintain  that  the  circle  of  art  is  a  narrow  section  of 
a  large  field.  On  the  contrary,  the  ssthetio  principle  does  not  by 
any  means  exliaust  the  content  and  purpose  of  that  realm  of  human 
production  wliich  taken  together  we  call  "  art."  Every  true  work  of 
art  is  extraonlinurily  cfMitples  in  itis  motives  and  its  effects;  it  arises 
not  aiutie  from  the  free  play  of  {esthetic  impulse,  and  aims  at  mor« 
Chan  pure  beauty  —  at  more  than  esthetic  pleasure.  The  desires 
and  energies  in  which  art  is  grounded  are  in  no  way  fulfilled  by 
the  serene  satisfaction  which  i«  the  traditional  criterion  of  the  les* 
thetic  impression,  as  of  the  eeethetic  object.  In  reality  the  arts 
have  a  function  in  intellectual  and  social  life,  through  which  they  are 
doflcly  bound  up  with  alt  our  knowing  and  willing. 
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It  is,  therefore,  the  duty  of  a  general  science  of  art  to  take  account 
of  the  broad  facta  of  art  in  all  its  relations.  ^Esthetics  is  not  capable 
of  this  task,  if  it  is  to  have  a  determined,  aelf-complete,  and  cle-arly 
bounded  content.  We  may  no  longer  obliterate  the  differences 
between  the  two  disciplines,  but  must  rather  so  sharply  <tcparat<r 
them  by  ever  finer  distinctions  that  the  really  existent  connections 
become  clear.  The  first  step  thereto  has  been  taken  by  Hugo  Spitzer. 
The  relation  of  earlier  to  current  ^iews  is  romparabln  to  that  between 
tnaterialism  and  po8iti\Tsm.  While  materinlism  ventured  on  a  pretty 
crude  resolution  of  the  spiritual  into  the  corporeal,  positivism  set 
up  a  hierarchy  of  forces  of  nature,  whose  onlcr  was  determined 
by  the  relation  of  dependence.  Thus  mechanical  forces,  physico- 
chemical  proccs.'ics,  the  biolo^cal  and  the  social-historical  groupa 
of  facts,  arc  not  traced  hack  each  to  the  preceding  by  an  inner  con- 
nection, but  are  so  linked  that  the  higher  orders  appear  as  dependent 
on  the  lower.  In  the  same  way  is  it  now  sought  to  link  art  methoda- 
logicalty  with  the  asthetic.  Perhaps  even  more  closely,  indeed,  aaneo 
already  lesthetics  and  the  science  of  art  often  play  into  each  other's 
hands,  like  the  tunnel-workers  who  pierce  a  mountain  from  opposite 
points,  to  meet  at  its  centre. 

Often  it  so  happens,  but  not  invariably.  In  many  oaaeB  research  is 
carried  to  an  end,  quite  irrespectively  of  what  is  going  on  in  other 
quarters.  The  field  is  too  great,  and  the  interests  are  too  various. 
Artista  recount  their  experiences  in  the  process  of  creation,  con- 
noisseurs enlighten  us  as  to  the  technique  of  the  special  arts;  socio- 
logista  investigate  the  social  function,  ethnologists  the  origin,  of  art; 
psychologtsts  explore  the  teathctic  impression,  partly  by  exiHTimenc, 
partly  through  conceptual  analysis;  philosophers  expound  sstheiio 
methods  and  principles;  the  historians  of  literature,  mutuc,  and 
pictorial  art  have  collected  a  vast  deal  of  material  —  and  the  sum 
total  of  these  scientific  inquiries  constitutes  the  most  substantial 
though  not  the  greatest  part  of  the  published  discussions,  which, 
written  from  every  possible  point  of  view,  abound  in  newspapers  and 
magazines.  "There  is  left,  then,  for  the  serious  student,  naught  but 
to  resolve  to  fix  a  central  point  somewhere,  and  thenoe  to  find  out 
a  way  to  deal  with  all  the  r«st  as  outlying  t'crritory  "  (Goothe). 

Only  by  the  mutual  setting  of  bounds  can  a  imited  effect  be  pos- 
sible from  the  busy  whirl  of  efforts.  Contradictory  and  heterogeneous 
facts  are  still  ver>'  numerous.  He  who  should  undertake  to  construal 
thereof  a  clear  intelligible  unity  of  conccpta,  would  destroy  the 
energy  which  now  proves  itself  In  the  encounten,  crossing  of  swordt, 
and  lively  controversies  of  soholara,  and  would  mutilate  the  fullneaa 
of  experience  which  now  expreseea  itself  in  the  manifold  special 
researches.  System  and  method  sigKify  for  us:  to  be  free  from  om 
system  and  one  method. 
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If  we  ftre  to  consider  how  we  answer  to-day  the  questions  put  for 
scientific  consideration  as  to  the  facts  of  a^thetic  life  and  of  art,  first 
of  fill  we  must  examine  the  now  prevailing  theories  of  spsthetics. 
They  fall  in  general  into  aesthetic  ob|Mtiviam  and  subjectivism. 
By  the  first  collective  name  we  denote  the  aggregate  of  all  theories 
which  find  the  characteristic  of  their  field  of  inquiry  essentially  in 
the  q\]Btity  and  conformation  of  the  object,  not  in  the  attitude  of 
the  enjoying  subject.  This  quality  of  the  a^thetically  valuable  is 
nioet  cosily  characterized  by  setting  it  off  against  reality.  Of  such 
theories,  which  cxplaia  "the  beautiful"  and  art  from  their  relation 
to  what  ia  given  in  nature,  naturalism  stands  for  the  identity  of  real- 
ity and  art,  while  the  various  iypQs  of  idealism  set  forth  art  as  more 
than  reality,  and  vice  versa,  fomiatism,  iUuaionism,  sensualism  make 
it  less  than  reality. 

Inasmuch  as  naturalism  is  still  defended  only  by  a  handful  of 
artists  who  write,  it  would  appear  almost  superfluous  to  consider  it. 
But  the  refutations  of  it  which  are  still  appearing  indicate  that  it 
must  havesunie  life.  And  in  fact  it  still  e.xiBta,  partly  as  a  presents 
day  phenomenon  in  literature  and  art,  partly  as  the  permanent 

ivictton  of  many  artists.   The  naturalistio  style  testifies  to  revolt 

linst  forms  and  notions  which  are  dying  out;  it  therefore  only 
attdna  a  pure  aesthetic  interest  through  the  theoretic  ground  which 
is  furnished  to  it.  And  this  rests  above  all  on  the  testimony  of  the 
artists,  who  arc  never  weary  of  assuring  us  that  they  immediately 
reproduce  what  is  given  in  perception.  Some  philosophical  concep- 
tions also  play  therein  a  certain  rftle.  The  adherents  of  the  doctrine 
that  only  the  sense-world  is  real  come  as  a  matter  of  course  to  the 
demand  that  art  shall  hold  itself  strictly  to  the  given.  And  what 
optimist,  who  explains  the  real  world  as  the  be^t  of  all  possible 
wnrids,  can,  without  a  logical  weakening,  admit  a  play  of  imagination 
different  from  the  reality. 

iEsthetic  idealism,  too,  is  borne  on  general  philosophical  premises. 
However  various  these  arc,  in  this  they  all  agree,  that  the  world  is 
not  exhausted  by  appearances,  but  has  an  ideal  content  and  import, 
which  finds  in  the  aesthetic  and  in  the  field  of  art  its  expression  to 
sense.  Even  H.  Toine  sets  to  art  the  task  of  sboning  the  "dominant 
character"  of  things.  The  beautiful  is  therefore  something  higher 
than  the  chance  reality,  —  the  typical  as  over  against  the  anomalous 
natural  objects  or  events.  It  can  then  be  objectively  determined 
with  reference  to  its  typical  and  generic  quality  and  in  its  various 
kinds. 

Somewhat  different  is  the  case  of  formalism,  which  to-day  scarcely 
anywhere  sets  up  to  be  a  complete  system  of  teethetics,  but  points 
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the  ■way  for  mnny  sprcial  investigations.  It  seeks  the  a«thctically 
e£Fcctivp  in  the  form,  that  is,  in  the  relation  of  parts,  which  bos 
in  principle  nothing  to  do  with  the  content  of  the  object.  E\-cry 
clearly  pereepilble  unity  in  mflnifuldnesa  is  pleasing.  As  this  ar- 
rangement is  independent  of  the  material,  the  usthctio  represents 
only  a  part  of  reality. 

In  contiiiat  thereto,  Ulii^ioniam  sets  the  vrorld  of  art  aa  a  whole  i 
against  the  whole  of  reality.  Art,  we  are  taught,  presents  neither 
new  aspect  of  the  given  nor  hidden  truth,  nor  pure  form;  it  la.  on  the 
contrary,  a  world  of  appearance  only,  and  is  to  be  enjoyed  without 
regard  to  eonnections  in  life  or  any  consefiuences.  WTiile  we  othcr^ 
wise  consider  objects  as  to  how  they  serve  our  interests  and  as  to  their 
place  in  the  actual  connection  of  all  things,  in  the  lesthetic  expen- 
cnce  this  twofold  relation  is  disregarded.  Neither  what  things  do 
'for  ua,  nor  what  they  do  for  each  other,  comes  in  question.  Tbeir 
reality  di3Ap]>eara,  and  the  beautiful  i;emblaiice  comes  to  its  own. 
Konrad  Lajige  bas  pven  to  Ibis  theory  —  ispecially  in  the  line  oE, 
a  Bubjeetive  side,  to  be  later  mentioned  —  its  modem  form. 

Of  the  nearly-related  senfjualifim,  the  connoisseur  Fiedler  and 
sculptor  Hildebrand  are  the  recent  exponents;  Rutgers  Ms 
and  certain  French  scholars  also  lean  that  way.  It  is  the  aTis  which 
fix  the  transitory  element  of  the  sense-image,  hold  fast  the  fleetilig,^ 
make  immortal  the  perishable,  and  lend  stability  and  pormanenc 
to  all  pleasure  that  is  bound  up  with  perception.  What  does  painting 
aoeompliah?  Arisen,  as  it  has,  out  of  the  demands  of  the  eye,  its 
Kile  task  is  to  gain  for  the  undefined  form-  and  color-impreasiona 
of  reality  a  complete  and  stable  eustence.  The  same  thing  is  true 
of  the  other  arts,  for  their  respective  sense-impressions. 

To  sum  up:  If  the  transformation  of  reality  is  acknowledged 
a  fimdameiital  principle  of  art.  it  is  also  to  be  granted  that  this  takes] 
place  in  two  dirccti(ms:  —  art  is  something  at  once  more  nod  h 
than  nature.  Inasmuch  as  art  pushes  on  to  the  vraui  viriti,  and 
the  same  time  disregards  all  that  is  not  of  the  nature  of  semblance 
or  image,  we  take  from  it  ideas  whose  quality  enthmlls  and  stimu- 
lates U8  quite  independently  of  their  meaning.  Art  ."hows  iia  the 
hidden  essence  of  the  world  and  of  life  and  at  the  aame  time  the 
outsides  of  things  created  for  otu*  pleasure;  that  is,  the  objeeta^ 
pure  psychical  value  in  the  fiekl  of  sense.  It  involves  a  lifting  aboi 
nature,  and  at  the  same  lime  tlie  rounding  out  and  fullillnmnt  of 
sense.  Through  making  of  the  object  an  image,  it  frees  us  from  ourj 
surrounding,  yet  leaves  us  at  rest  in  it. 

We  torn  now  lo  a^tbetic  subjectivism.    Under  this  name  we  com- 
prehend the  essence  of  thoj»e  the<iriee  which  seek  (■.      '        ' 
of  the  beautiful  by  a  general  characterization  r>f  i 
tode.  Many  of  these  are  near  akin  to  the  objectivistic  theones ;  some. 
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however,  like  the  EinfCthtung-ihcory.  take  nn  independent  place. 
For  the  former,  therefore,  a  mere  indication  will  suffice.  The  prin- 
ciple of  "semblance"  or  illusion,  for  instance,  lakes  %'ery  easily  a 
subjectivlstic  turn.  The  question  then  runs:  Wherein  con^^istd  the 
peculiarity  of  the  conacious  processca  which  arc  act  up  by  the 
semblance?  The  answer  oa  given  by  Meinong  and  Witasck  atarta 
from  ihc  fact  that  the  totality  of  psychical  proccasca  falls  into  two 
divisions.  Every  pmcesa  in  one  diviaion  has  its  counterpart  in  the 
other.  To  perception  corresponds  imagination,  to  judgment  aaaump- 
lioD,  to  real  emotion  ideal  emotion,  to  camegt  dt'siro  fancied  desire. 
The  aathctic  emotion.s  attached  to  aeaumptions,  the  scmblancc-cmo- 
tiona,  that  is,  arc  held  tu  be  scarcely  distinguished,  so  far  as  feeling 
goes,  from  other  emotions,  at  most,  perhaps,  by  less  intensity.  The 
ohief  diflereuce  lies  rather  in  the  premise  or  basis  uf  emotion;  and 
this  is  but  a  mere  assumpttun  or  fiction. 

A  critical  trcatnient  of  the  foregoing  cannot  bo  given  here;  nor 
of  that  view  which  explains  the  psychifial  coiidilion  in  receiving  an 
ffisthetic  impression  as  a  conscious  self-deception,  a  continued  and 
intentional  confusion  of  reality  and  st^niljiftiice.  The  a-sthotic  pleiaa- 
urc,  according  to  this,  is  a  free  and  cuiif4ciuus  hovering  between 
reality  and  unreality;  or,  otherwise  expressed,  the  never  successful 
seeking  for  [tu^ion  of  original  and  copy.  The  enjoyment  of  a  good 
graphic  representation  of  a  globe  would  then  depend  on  the  t^pecte- 
lor's  now  thinking  he  gce£  a  real  globe,  now  being  sure  he  views  a  flat 
drawing. 

While  this  thcorj'  haa  found  but  small  acceptance,  comparatively 
many  modem  otstheticians  admit  the  doctrine  of  EinjuhUtTig.  Ita 
leading  exponent,  Theodor  Lipjis,  sees  the  decisive  characteristic 
of  sethctic  enjoyment  in  the  fusion  of  an  alien  experience  with  one's 
own:  as  soon  as  something  objectively  given  furnishes  us  the  pos- 
sibility of  freely  living  our&elves  into  it,  we  feet  icsthetic  pleasure. 
In  the  example  of  the  Doric  column,  rearing  itself  and  gathering 
itaeli  up  lo  our  view,  Lipps  has  sought  to  show  how  given  space- 
forms  are  iut(.Tpre(ed  fin^t  dynamically,  then  authrupirmorphicaUy. 
We  read  into  Lhu  geometrical  figure  not  only  the  expression  of  energy, 
but  also  free  purposiveness.  In  so  far  as  we  look  at  it  in  the  light  of 
our  own  activity,  and  6ym]>athizc  with  it  accordingly,  in  so  far  do 
we  feel  it  an  beautiful. 

Could  we  enter  upon  a  oritical  discussion  at  this  point,  it  would 
appear  that  the  ^m/uAfun^-theory.  like  it«  fellows,  is  open  to  well- 
founded  objections.  The  belief  ia  an  all-explaioiug  formula  is  a 
delusion.  Id  truth,  every  one  of  the  enumerated  principles  is  rela- 
tively justified.  .\nd  as  ibey  all  have  points  of  similarity  with  one 
another,  it  is  not  hard  for  Uic  past-master  of  terminology  and  the 
technique  of  concepts  to  epitomize  the  common  element  in  a  single 
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phra«e  or  thttis.  Still,  nothing  is  gained  by  such  a  general  formula 
in  presence  of  the  richness  of  the  reality;  and  just  us  little  — as  an 
exhaustive  treatment  would  have  to  prove  —  by  the  concise  ex- 
position of  ft  single  method  for  our  science- 

The  spedally  approved  method  of  procedure  at  the  present  day 
is  that  of  p^chological  description  and  explanation.  It  seems, 
indeed,  very  natural  to  see  in  psychical  processes  the  real  subject- 
matter  of  esthetics,  and  in  psychology,  accordingly,  the  science  to 
which  it  IB  subordinate.  Some  philosophers,  however,  —  among 
whom  I  may  instance  Jonas  Cohn,  —  wish  to  make  of  ffsthetics  a 
science  of  values,  and  demand  that  on  the  basis  of  this  pretension 
the  mutually  cont.ra<licton,'  judgment*  of  taste  and  types  of  art  be 
tried  and  tested.  They  will  have  no  mere  descriptive  and  eitplan- 
ator^'  a?sthctics,  but  a  normative,  prcccpt-giving  science.  In  truth, 
ilie  opposition  of  the  schools  is  complete  at  every  point;  in  the 
writings  of  Volkelt  and  Groos  we  hft\*e  the  proof  of  it. 


HI 

The  special  research  in  the  narrower  field  of  (esthetics  is  at  present 
almost  entirely  of  the  psj-chologica!  type.  Our  survey  can  touch 
upon  nnly  the  salient  point.?. 

The  aim  of  the  extended  and  highly  detailed  study  consists  ia^ 
fixating  by  means  of  psychological  analj-sia  the  course  of  develo| 
ment,  the  effective  elements,  and  the  various  sub-gpeciK-s  of  th« 
icsthctic  experience.  Certain  philosophers  seek  a  point  of  departure''' 
for  this  undertaking  in  the  a»thctic  object.  Tliua  Volkelt's  s>'stem 
of  seslhetics  finds,  for  the  chief  elements  of  the  a^tlietic  enjoyment, 
corresponding  features  in  the  object;  in  the  special  field  of  poetrj* 
Dilthey  haa  undertaken  an  analysis  along  the  same  lines.  For  the 
most  part,  however,  suoh  dissection  ia  limited  to  the  subjective  sid< 
In  Wundt's  psychology,  for  instance,  the  (esthetic  state  of  mind  (#* 
shown  to  be  built  up  of  senao-feelings,  feelings  from  perceptions,  in- 
tellectual and  emotional  excitements;  the  most  important,  that  i» 
to  say,  the  pivotal  feelings,  which  arc  bound  up  with  space-  and 
time-relations,  become  in  turn  the  condition  and  support  of  the 
higher  emotions,  berause  they  lead  over  from  the  field  of  sense  to 
that  of  the  logical  and  emotional. 

If  we  limit  ourselves  to  the  psychological,  we  must  first  ask  in  what 
Dtder  the  elements  of  the  sesthetic  impression  are  wont  to  follow 
aaoh  other.  The  phases  of  this  de^'clopment,  however,  are  as  yet  not 
completely  studied,  although  thoy  are  of  great  significance  for  the 
difTerencea  in  enjoyment.  The  second  problem  concerns  Lho  con- 
stitution (taken  as  timeless)  of  the  experienrc.  All  formulas  which 
attempt  to  fix  in  two  words  the  totality  of  the  impreanon  fail  com- 


THE  FUNDAMEm'AL  QTTESTIONS  OF  AESTHETICS    441 

pictely,  —  so  rxtraordinarily  various  and  manifold  arc  the  factors 
whirh  enter  hcrR.  What  these  are  and  how  they  are  bound  together 
ifl  the  question  which  is  for  the  moment  occupying  the  scholars  with 
a  leaning  toward  psychology. 

The  ttstbetic  impression  is  an  emotion.  According  to  the  well- 
known  seDBualistio  theory  of  the  cmotiona,  it  must  therefore,  in  so 
far  as  it  is  more  than  mere  perception  or  idea,  be  composed  of  organic 
sensations.  G.  Sei^i  and  Karl  Lange  see,  in  fact,  the  peculiar  mark 
of  the  lesthetic  expcrieDce  in  the  general  sensatlona  which  appear 
with  changes  in  the  cireulation,  breathing,  etc.  Unprejudiced  ob- 
servation must  satisfy  ever>'  one  that  much  in  all  this  is  true.  On  the 
other  hand,  it  is  to  be  recalled  that  we  du  not  reckon  the  organic 
sensations  to  the  objective  ciualities  of  a^thetic  things,  and  that  we 
cannot  explain  in  this  way  every  artistic  enjoyment. —  In  regard  to 
the  sensations  of  ta^^te.  smell,  and  touch,  it  is  generally  granted  that 
they  play  a  certain  rdle,  even  if  but  as  reproduced  ideas  and  only 
corresponding  to  natural  beauty.  Among  the  most  important  are 
the  attitudes  and  imitative  movements,  finely  investigated  by  Karl 
Grooc.  —  To  this  must  be  added  the  sensuous  pleasantness  of  visual 
and  auditory  perceptions.  Yet  attempts  to  construct  the  awthetie 
enjoyment  in  ita  entirety  out  of  such  pleasure- factors  have  so  far 
failed.  The  undertaking  is  already  wrecked  by  the  fact  that  elements 
displeasing  to  sense  are  demonstrably  present,  not  only  as  negligible 
admixtures,  but  also  as  neccBsary  factors.  The  relations  of  similarity 
between  the  contents  of  a  sense-field,  and  the  spatial  and  temporal 
connections  between  them,  are  in  any  case  incomparably  more 
important;  we  devote  to  them,  therefore,  a  closer  consideration. 
Finally,  alongside  all  th<.rsc  ideas  and  the  emotions  immediately 
attaching  to  them,  there  must  be  arrayed  the  great  multitude  of  as- 
sociated ideas  and  connecting  judgments.  While  scientific  interest 
in  the  associations  is  now  greatly  diminished,  explanations  of  the 
part  played  by  the  clement  of  really  active  thought  are  many.  A 
universally  satisfactory  theory  is  still  to  appear,  for  the  reason, 
above  all,  that  here  the  higher  principles  referred  to  in  the  second 
section  enter  into  the  problems. 

Elementary  asthelics,  therefore,  willingly  turns  aside  from  the 
shore  of  the  very  complex  emotions,  of  association,  Einjilhlung  and 
illusion  in  testhctic  experience,  in  order  to  become  independent  of 
general  philosophical  fmidamental  conceptions.  Its  own  field  lies 
in  the  general  province  of  the  perception-feelings  determined  im- 
mediately by  the  object:  more  ex.ictly,  of  the  feelings  which  are 
induced  partly  by  the  relations  of  wmilarity,  partly  by  the  outer 
connections  of  the  content,  partly  by  the  linking  of  inner  and  outer 
reference.  The  qualitative  relation  of  tones  and  colors  arouses  the 
eo^alled  feelings  of  harmony;    the  arrangement  in  space  and  time 
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awakes  the  so-called  proportion-feelings;  and  from  the  oooperation 
of  these  two  arise  the  so-called  osthetic  complication-feelings. 

As  to  the  pleasurable  tone-  and  color-corabi nations,  the  first  are 
better  known  than  tho  second,  but  even  their  theoretical  intcrpr^ 
tation  is  not  well  settled.  More  diligent  and  successful  at  the  prcwnt 
time  is  the  research  into  the  proportion-feelings.  So  far  as  these 
bear  upon  ."^pace-relations,  they  attach  either  to  the  outlinen  or  to  the 
structure  of  the  forms.  The  bounding-liues  arc  then  pleaijing,  one 
theory  holds,  when  they  correspond  to  the  easiest  eye-movements,  and 
in  general  meet  our  desire  for  easy,  efforlleas  orientation.  Another 
doctrine,  already  referred  to,  explains  their  a?sthctie  value  from  a 
cooperation  of  general  bodily  feelings,  especially  sensations  of 
breathing  and  equilibrium.  Accurate  experiments  have  not  succeeded 
iu  finding  a  real  conformity  to  law  in  either  the  first  or  the  second 
dirDction.  In  the  matter  of  the  structure  of  forms,  synimetry  in 
the  horizontal  position,  and  the  proportion  of  the  golden  section 
in  the  vertical  position,  riMjeive  eEpecial  attention.  All  those  space- 
shapes  may  be  called  symmetrical,  whoee  halves  are  of  equal  value 
lEathetically.  Uow  these  must  be  constituted,  has  boen  studied 
from  the  simplest  examples  by  MiiusLerborg  and  hia  pupils.  The 
explanation  of  the  pleasing  quality  rests  on  the  foot  thai  tiie  spec- 
tator feels  the  eoutents  uf  the  two  halves  —  lines  or  colors  —  as  light 
or  heavy,  according  to  the  euergy  expendt<d  ia  the  necessary  eye- 
movements.  In  thcverticaliKisitiotia  proporUonpleasesCasdoeaalso 
e<tuality)  which  is  only  appmximately  ihat  of  the  golden  section. 
The  mimerical  proportion  is,  therefore,  not  the  ground  of  pleasure, 
for  otherttiac  thoeo  forms  which  are  thus  divided  would  have  to  be 
the  absolutely  beautiful  ones,  ami  the  more  a  divinion  varies  from 
the  exact  fraction,  the  more  would  it  sacrlfico  in  beauty.  The  ground 
of  pleasure  is  ratheT  descried  in  the  fact  that  in  the  case  of  the  |rieaa- 
ing  divLHions  the  two  parts  stand  out  as  distinct  and  clearly  charoater- 
iaed,  while  yet  unified  effect  is  secured  through  the  larger  division. 

The  temporal  ordering  of  an  vsthetio  character  is  that  of  rhythm. 
Concerning  the  n«thetie  object  as  such  —  that  is,  concerning  the 
metrical  forms  in  music  and  poetry,  the  views  are  still  widely  at 
variance;  Lhia  is  true  to  a  startling  degree  of  poetry,  because  hen* 
the  element  p  that  is  to  say,  the  word,  is  made  up  of  accented  and 
unarceiited  syllables,  and  because  the  tendency  of  the  logical  con- 
nections of  the  content  to  create  unities  cannot  be  done  away  with. 
This  state  of  confu&ion  Is  so  much  the  more  to  be  regretted  as  it  is 
just  to  the  art-forms  that  the  most  vivid  rhythmical  feeling  attach. 
The  psychological  iuvestigationaof  Neumann,  Bolton,  and  othen  have 
nevertheless  much  advanced  our  scientific  uudenstanding  of  this 
subject.  A  new  point  of  new  has  taken  ita  rise  from  Huuriau  and 
Bftcber:    th«  cunneotiou  of  the  art-rhythm  with  work  and  othor 
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aspects  of  life.  But  fJie  collections  of  data  do  not  yH  render  it  pos- 
Hiblc  to  settle  the  question  in  what  manner  tho  rhythm  of  work, 
which  runs  on  aulomatically,  and  is  controlled  by  the  idra  of  an  end, 
goee  over  into  asthetio  rhythm. 

The  wathetic  complicatioD-feelinps  are  bound  up  with  the  products 
of  the  fusion  of  rhythm  and  harmony,  form  and  color,  rh>-thm  and 
form  (in  the  donee).  So  long  as  all  eleraenla  of  association  are 
neglected,  three  ch  a  racier  istics  remain  to  be  noted:  an  increnaing 
valuation  of  the  absolute  quantity,  the  building-up  of  definite 
form-qualities  {Gf^lali/fualitaten) ,  and  a  reconciliation  or  harmony 
of  differences,  wherein  Ihe  quantitative  element  is  wont  to  be  the 
unifying,  the  qualitative  element  the  separating  factor.  I  need  nut, 
however,  go  any  further  into  investigationa  so  subtle,  and  even  now 
merdy  in  their  beginnings. 

This  entire  fabric  of  experience,  from  which  but  a  few  threads 
have  been  drawn  out  to  view,  can  now  take  on  \*arlous  ehadings. 
These  we  refer  to  as  the  sestbetic  moods,  or  by  a  leas  psychological 
name,  as  the  n^lhetic  categories.  The  ideally  tjeautiful  and  the 
Kublime.  the  tragic  and  the  ugly,  the  comic  and  the  graceful,  are 
the  beat  known  among  them.  Modern  science  hat^  t^hown  most 
intercflt  in  the  study  of  the  comic  and  the  tragic.  According  to  Lipps 
the  specific  emotion  of  the  comic  arises  in  the  disappointing  of  a 
psychical  preparation  for  a  strong  impression,  by  the  appearance  of 
a  weak  one.  The  pleasurable  character  of  the  experienco  would  be 
esf^ained  by  the  fact  that  the  surplus  of  psychical  impulse,  like  every 
excess  of  inner  energy,  is  felt  as  agreeable.  The  tragic  mood  is  under- 
stood no  longer  as  arising  in  fear  and  pity,  but  in  pathos  and  wonder. 
Its  objective  correlate  should  not  be  farced  to  the  standard  of  a  nar- 
row ethics.  The  demand  for  guilt  and  expiation  is  being  given  up 
by  pr(^re8BJvc  thinkers  in  esthetics;  but  the  cnnslituents  of  tragedy 
remain  fast  bound  to  the  realm  of  harshness,  cruelty,  and  dissonance. 


IV 

From  a  period  more  or  less  remote  there  have  existed  poetics. 
musical  theory,  and  the  science  of  art.  To  examine  the  presupposi- 
tiovis  methods  and  aims  of  these  disciplines  from  the  epistemological 
point ofview.and to sumtipand compare theirmost  important  results. 
is  the  task  of  a  general  science  of  art:  this  has  besides,  in  the  pro- 
blems of  artistic  creation  and  theoriginof  art.snd  of  the  classification 
of  the  arts  and  their  social  function,  certain  fields  of  inquiry  that 
would  othenn-isc  have  no  definite  place.  They  are  worked,  indeed, 
with  remarkable  diligence  and  product ivcneas.  Most  to  be  regretted, 
on  the  other  hand,  is  that  so  little  energy  is  applied  to  laying  the 
eplttemological  foundation. 

The  theory  of  the  development  of  art  deals  with  it  both  in  tta 
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individual  and  Us  generally  human  aspect.  Conceming  the  gcnesifl  of 
the  child's  understanding  of  art  and  impulse  to  produce  it,  we  learn 
most  from  the  studies  of  liis  dratvings  at  an  early  age.  llere  are  to  be 
noted  n-etl-estabiished  results  of  obser\'ation,  even  though  aa  yet 
they  are  few  in  number.  On  the  other  hand,  the  unfolding  f)f  primi- 
tive feeling  (and  of  the  testhetic  seasibiHty  in  general)  during  the 
historical  period  can  be  only  approximately  reconstnicted.  The 
case  is  somewhat  more  favorable  for  our  information  in  regard  to 
thfl  beginnings  of  art,  especially  since  it  has  been  systematically 
assembled  by  Ernst  Grosse  and  Yrjo  Hirn.  If  the  conditions  of  the 
most  primitive  of  the  races  now  living  in  a  state  of  nature  can  be 
taken  as  identical  with  those  at  the  beginnings  of  civilization,  the 
entire  vast  material  of  ethnologj-  can  be  made  use  of.  We  gather 
therefrom  how  close-linked  with  the  useful  and  the  necessary  beauty 
is,  and  see  clearly  that  primitive  art  is  thoroughly  penetratc'd  by 
the  purpose  of  a  common  enjoyment,  and  is  effective  in  a  social 
way;  but  beyond  such  general  principles  one  can  go  only  with 
hesitation,  inasmuch  as  it  seems  scarcely  possible  to  us,  creaturea  of 
ci\'ilization,  to  fix  the  boundaries  of  what  is  really  art  there. 

There  are  three  conjectures  as  to  objective  origin  of  art.  It  may 
Ije  that  the  separate  arts  have  developed  through  variation  from  ono 
embryonic  stale.  Or  the  main  arts  may  have  been  separate  from  the 
very  first,  having  arisen  independently  of  each  other.  Finally,  there 
are  middle  \iew3,  like  that  of  Spencer,  according  to  which  poetry, 
music,  and  the  dance  on  the  one  hand,  and  writing,  painting,  and 
sculpture  on  the  other,  have  a  common  root;  Mobius  recognizes 
three  primitive  arts,  to  which  the  others  are  to  be  traced  back.  The 
aolution  of  this  question  would  be  eBpccialty  important,  could  one 
hope  to  find  Darwin's  maxim  for  all  aliological  investigations  valid 
for  OUT  field  also  —  that  is,  the  dictum:  TiNTiot  is  of  like  origin  is  of 
like  character. 

As  psychological  conditions,  from  which  the  artistic  actiWty  is 
likely  first  to  have  arisen,  the  following  functions  have  been  suggested 
and  maintained,  — the  play-instinct,  imitation,  the  need  for  CKpns< 
sion  and  oommunication,  the  sense  for  order  and  arrangement,  the 
impulse  to  attract  others  and  the  opposed  impulse  to  startle  others. 
Each  of  these  theories  of  conditions  must  cleariy  connect  itself  with 
one  or  the  other  of  the  juet-named  three  theories  of  ari's  origin;  for 
had  music,  taken  in  our  sense  and  independently, existed  as  the  orig- 
inal art,  one  could  hardly  regard  imitation  as  the  pBychologlcol  root 
of  art.  Ail  in  all,  art  and  the  play-instinct  seem  mostdoaely  linked; 
that  is  also  true,  moreover,  of  its  development  with  the  child. 

I  come  now  to  the  fundamental  problems  nf  artistic  creation.  It 
is  they  which  present  the  most  obstinate  difiiculiies  to  a  thorough 
and  exact  invcettgution,  for  experiment  and  the  queetionoaire  — 
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which  aims  at  least  at  objectivity  —  are  but  crude  ineaiiB  to  the  end  in 
view.  At  the  present  day,  as  earlier,  there  is  uo  lack  of  very  refined, 
penetrating,  —  nay,  Ijrilliaiit  analyses.  Tliey  have  a  very  superior 
value;  but  this  has  no  speoial  significance  for  the  present  status  of 
the  science  of  lesLhetics,  and  for  this  n-nson  our  survey  may  umJt 
much  which  yet  haa  an  interest  fur  individuals. 

'Ilie  influence  of  heredity  and  environment  on  the  artist's  talent 
offers  rich  material  for  research.  It  is  concode<l,  though,  that  how 
the  most  material  and  the  most  spiritual  of  influences,  inherited 
disposition  and  fortune,  the  chaneee  of  doecent  and  of  intercourse 
with  one's  fcUowH,  —  how  all  tlm  is  fused  into  a  uniiicii  personality, 
can  be  establishc«.I  only  in  individual  cases  by  the  biographer.  A 
seoood  very  productive  source  of  materia]  in  this  field  has  appeared 
in  Lombroso's  teaching.  The  days  of  the  moat  violent  controversies 
lie  behind  ms.  It  is  the  general  view  that  genius  and  madness  are  near 
allied  in  their  expression,  that  greatness  often  breaks  forth  in  que»- 
tionable  forms;  yet  the  majority  perceive  an  essential  difference ;  the 
genius  points  onward,  the  mind  diseased  harks  back;  the  one  has 
purposive  significance,  the  other  not.  After  these  more  introductory 
inquiries,  the  real  wurk  begins.  It  has  to  show  in  what  points  every 
gift  for  art  coincides  with  generally  disseminated  abllilieH,  and  just 
where  the  specific  power  sets  in,  which  the  inartistic  person  lacks. 
Take, for  example,  the  memory.  Weretain  thisor  that  fact  without, 
in  principle,  any  selection;  the  remembrance  of  the  artist,  on  the 
contrary,  Is  dissociative — it  favors  what  is  needful  fr>r  its  onu  ends. 
Thememory  of  the  painter  battenson  forms  and  colors,  the  cooscioua- 
nessof  the  musician  is  filled  with  melodies,  the  fancy  of  the  poet  lives 
in  verbal  images.  Also  there  is,  especially  with  the  poet,  a  peculiar 
undeJstandiDg  for  human  experience.  In  truth,  the  fanciful  products 
of  the  imagination  are  but  the  starting-point  for  the  soul-know- 
ledge of  the  poet.  Without  going  into  details  we  may  say  that  by 
such  pe-netrating  and  delimiting  analyses  the  superficial  theory  of 
inspiration  is  refuted.  Out  of  date,  too,  is  the  notion  that  the  artist 
creates  by  putting  things  together;  on  the  contrary-  his  fancy  has 
the  whole  before  the  parts,  it  gives  to  the  world  an  organism,  within 
which  the  memhcra  gradually  eraer^.  Finally,  the  old  theory  is  no 
longer  held,  according  to  which  the  work  of  art  is  already  complete 
in  the  inner  man,  and  afterwards  merely  brought  to  light.  More 
definite  explanation  is  given  by  the  doctrine  of  the  way  in  which  the 
artistic  creation  runs  its  course,  which  Eduard  v.  Uartmann  has 
skillfully  portrayed. 

The  distinction,  differentiation,  and  comparison  of  the  special 
arts  offem  opportunity  and  material  for  mimberless  special  studies. 
Music  is  here  the  least  fully  represented,  since  it  is  only  exceptionally 
that  art- philosophers  feel  a  drawing  to  it.   So  much  the  more,  how- 
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ever,  are  they  inclined  to  the  study  of  poetry.  They  aro  even  begin- 
ning to  makeuse,  for  poetics,  of  the  fttudioi?  in  the  miidiTit  psychology 
of  language,  t>ince  it  is  acknowledged  that  language  is  the  essential 
element,  and  thus  more  than  the  mere  form  of  expression,  of  the 
poetic  art.  Th.  A.  Meyer  has  thrown  an  apple  of  discord  into  the 
question  whether  the  poet's  words  must,  in  order  to  arouse  pleuure, 
aluo  awake  an  image.  As  a  matter  of  fact,  the  etsthetic  value  docs  not 
depend  on  the  chance-aroused  sense-images,  but  on  the  language 
ii8<-lf  and  the  images  which  belong  to  it  atone;  for  the  most  part  tbo 
un<lerstanding  of  the  words  alone  is  enough  to  give  the  reader  frfeaiK 
urc  in  the  poetic  treatment.  In  the  general  theop,'  of  the  viau- 
ally  representative  arts  there  are  two  opposed  doctrines.  The  one 
emphasizee  the  common  element,  and  believes  to  have  found  it  in 
the  so-called  Fernbild,  or  distant  image;  the  other  seeks  salvation 
in  complete  sepurationa  —  as,  for  instance,  of  the  so-called  Oriffel- 
kuTuit,  or  graphic  art,  from  painting.  Only  the  future  can  decide 
between  them. 

The  exiBleiice  of  the  totftl  field  of  art  as  an  essential  factor  of  hu- 
man endeavora  iuvolveis  difficulties  which  must  be  removed  partly 
in  the  philosophical  consideration,  partly  in  law  and  governmental 
practice.  The  last  factor  must  also  be  taken  account  of  in  theory; 
for  so  long  as  we  do  not  live  in  an  ideal  world,  the  state  will  claim 
regulation  of  all  activities  expressing  themselves  in  it,  and  so  also 
of  art.  In  hrst  line  it  is  concerned  for  art's  relation  to  moraUty. 
t5econdly,  the  social  problems  arise:  does  art  bind  men  together, 
or  part  them?  does  it  reconcile  or  intensify  oppositions?  is  it  demo- 
cratic or  aristocratic?  is  it  a  necessity  or  a  luxury?  does  It  further  or 
reject  patriotic,  ethical,  pedagogical  ends?  The  artistic  education  of 
youth  and  the  race  has  become  a  burning  question.  Ruskin  and 
Morris  have  developed  from  art-critics  to  critics  of  the  social  order, 
and  Tolstoi  has  contracted  the  democratic  point  o(  view  to  the 
most  extreme  degree.  With  the  desire  to  transform  art  from  the 
privilege  of  the  few  to  the  possession  of  all  is,  finally,  bound  up  tlie 
wifeh  that  art  shall  emerge  from  another  seclusion  —  that  it.<<hall  not 
be  throned  in  museums  and  libraries,  in  theatres  and  conrcrt-halls, 
but  shall  mingle  with  our  daily  domestic  life,  and  direct  and  color 
every  act  of  the  schilar  as  of  the  peasant. 

A  satisfactory  decision  can  bo  reached  only  by  him  who  keeps  in 
view  that  art  presents  something  extremely  complex,  and  by  no 
means  mere  lestbetic  form;  that,  on  the  other  hand,  the  o'sthetic 
life  is  not  banished  to  the  sacred  circle  of  the  independent  arts. 
With  this  conclusion  we  return  to  the  first  words  of  our  reflec- 
tions herein  presented. 
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SHORT  PAPERS 


A  eliurt  paper  was  cootribuUHl  bj-  Professor  A.  U.  F.  HEunlio.  of  Columbfal 
Vnivi>i&ity,  on  the  "Sources  til  Savage  CouvoaUoool  PtiLtvnis."  The  upeaker 
e«id  that,  ta  the  exhibit  of  the  Departiii«nt  of  the  Interior,  tim  rUsb  caaeedisplajrcd 
side  by  side  the  handiwork  of  the  American  ludian  of  one  hundred  vcotb  ago  utd 
at  to^ny.  In  the  Fine  Arta  ptUaoe  the  bUnketa  and  b^skelry  of  the  Navahoes 
were  shown  bestde  the  leather  work  muI  fillior  liimdimftJi  of  white  Ammrana- 
Iii  both  iustAOces  ttie  contrBSl  between  the  savage  and  the  civilized  work  em- 
plia^2ee  the  fact  that  civilizatioa  tends  to  itiBo  or  Ovtltoy  the  dt-^orativu  iuetbet. 
The  savA^  art  ia  spontaneoue,  instmclivB.  unprsneditatcd.  The  work  of  the 
civiliifd  artist  \s  thoughtful,  cnrefully  elaborated.  tntfllc<^ial.  Among  thev 
peoples  both  the  erafta  and  the  patt^^ma  arc  traditJonal.  and  there  ia  little  or  no 
ambition  to  iiuiovatw.  Th«  forms  and  combinationa  we  admire  in  thrir  work  an 
the  result  of  loag-conttnoed  proceaaea  of  evolution  and  eliintnaiion  in  which,  aa  in 
the  wurld  of  Hviug  orgaoians,  tbo  fittest  have  supiived.  The  6truotur«  of  aavago 
pattema  ia  almost  alwiiya  uitnmply  Buuple.  There  arc  thrt.-«  tbeorita  RdvaaGcd  to 
nocoutit  for  them:  that  they  were  itiveiited  out  of  hand;  that  they  were  e^TilTcd 
out  of  the  technical  proctaMa.  tools,  and  materials  of  primitiv«  InduMry;  tbftt 
they  are  deacended  froro  fcUsb  or  unimi^ic  rtrpnneDthtioti^  of  natural  forma. 
The  first  is  the  common  view  of  iH^niipni  tJie  neoottd  wait  lir^t  «ix|>rcMed  (tboo^ 
chie6y  with  reference  lo  civiliised  art)  by  Samper;  and  the  third  b  widely  eutot^ 
laiueU  by  aiil  hroiioloaiaLH. 

The  eavage  tustiiict  for  decoration  has  prvbably  developed  frooi  priinitivfl 
animism  —  from  thnt  fear  of  the  poweni  of  nature,  and  that  oonfuunding  of  the 
Mnimate  and  inanimate  world  which  ia  ll^ivl^^aaliy  r«rcognlied  aa  a  primitive 
trail.  But  once  awakened  in  uren  tlie  slighteat  degree,  tt  has  found  exercise  >» 
the  operations  of  prnnitive  induxtr>-.  and  given  existcoee  to  a  long  seriea  of  repeti- 
ttvu  forma  produced  id  weaving,  basketry,  string-laahing.  aod  orvinR.  Tba  two 
claAHcH  of  pattema  thus  originated  —  those  derived  from  Ute  imitation  of  nature 
UDder  fetish  idoaa,  and  those  derived  from  technical  procpssea  —  have  invariably 
oonverged,  overlapping  M  last  in  many  forms  of  decorative  art,  ao  that  the  n«l 
origin  of  a  given  pnttem  may  be  duul.  Myths  have  Invarinbly  arisen  to  exidain 
tl>e  orif^u  of  the  teclinkal  pattcnia,  which  have  received  magic  dgnificMice  and 
nainra,  in  accordance  with  savage  tendency  to  assign  magical  powers  to  all  vistMe 
or  at  leaat  to  all  valued  objects:  all  savage  art  is  talismanic.  One  ought  u  bt 
cautious  about  dogmatising  aa  to  origins  in  dealing  with  Mivagc  art,  because  both 
the  phenomenon  of  what  I  call  oonvergenee  in  ornament  evolution,  and  that  n( 
theinyttt8,  poetic  faculty,  and  habtt  among  aavogei,  tend  lo  ronfiiae  aitd  obecore 
the  naX  origin  of  the  patterns  with  which  tiwy  deal.  And  in;^,  for  the  artut 
aa  dialing)  liafaed  fium  tin  aichiMdogisl  axtd  the  tbeorial,  tke  real  Vmon  of  savage 
art  ie  not  in  its  ori^ns,  but  in  its  prodocts;  in  the  strength,  aimplldty,  admirable 
distribution,  and  high  decorative  effects  of  poor  and  dwptod  pooplea.  Savage 
oU-over  patterns  and  Greek  carvMl  ornament  and  decoratiTe  aculpiure  reprsaent 
the  opposed  poles  of  deooratjve  design,  and  both  are  of  fandamantal  vahw  sa 
object*  of  irtudy  for  the  detigner. 
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Thb  Chairman  of  ttie  Department  of  Mathematics  was  Professor 
Henry  S.  White,  of  N'orlhweBtern  Univeraity.  In  opening  the  pro- 
ceeUinga  Professor  White  said: 

"Influenced  by  patriotism  and  by  pride  in  material  progress,  cities 
and  whole  nations  meet  and  celebrate  the  building  of  bridf^,  the 
opening  of  long  railways,  the  tunneling  of  diditrult  mountain  passes, 
the  acquisition  of  new  territories,  or  cummemorate  with  festivity  the 
discovery  of  a  continent.  Tliese  things  are  real  and  significant  to  u« 
aU. 

"  In  the  realm  of  ideas  also  there  are  events  of  no  leas  moment, 
discoveries  and  conquests  that  greatly  enlarge  the  empire  of  human 
reason.  In  the  lapse  of  a  century  there  may  be  many  such  notable 
achievements,  even  in  the  domain  of  a  single  science. 

"  Mathematics  is  a  science  continually  expanding;  and  its  growth, 
unlike  some  political  and  industrial  event«,  is  attended  by  universal 
acclamation.  We  arc  \vont  to-day,  as  devotees  of  this  noble  and 
useful  science,  to  pass  in  review  the  newest  phases  of  her  expansion. 
—  I  say  netcest,  for  in  retrospect  a  crntur^-  is  but  brief,  — and  to 
rejoice  in  the  deeds  of  the  past.  At  the  same  time,  also,  wc  turn 
an  eye  of  aspiration  and  resolution  towards  the  mountains,  rivers, 
deserts,  and  the  obstructing  seas  that  are  to  test  the  mathematicians 
of  the  future." 


THE  fUNUAMENTAL  CONCEPTIONS  AND  METHODS  OF 

MATHEMATICS 

BV    PROFESSOR   UA.XIMR   sdcHER 


[MaximeBochcr.  Professor  of  Mothemntics,  Harvard  L'nivenaty.  b.  August  28. 
1807.  UosioD.  Mass.  A.B.  Harvard.  1888;  Ph.D.  GAttinRvD,  ISUl.  In- 
atnictar.  A&slettuil  Profeesor  and  Professor,  Harvard  L'tiiveraitT,  1891-. 
Ff-llow  of  the  Ame^riran  Academy.  Author  of  Utber  die  Haiienentvfiektl- 
ungtn  dfr  i'otentialthforie;  and  variotiB  papers  on  mathetnatics.j 

I.  Old  and  New  Definitiom  oj  MaOienuiHa 

I  AH  going  to  ask  you  to  BpeiitJ  a  few  minutts  with  me  in  cuneider- 
ing  the  question:  what  is  matbematici)?  Id  doing  this  I  do  not  propose 
to  lay  down  dogmatically  a  precise  delinition;  but  rather,  after  hav- 
ing pointed  out  the  inadequacy  of  traditional  views,  to  dc-li'rniino 
what  characteristics  ore  common  to  the  most  varied  parte  of  mathe- 
matics but  are  not  shared  by  other  sciences,  and  to  show  how  Uiis 
opens  the  way  to  two  or  three  definiiioDS  of  mathematicK,  any  one  of 
which  is  fairly  satisfactory.  Although  this  is,  after  all.  merely  a  dis- 
oussion  of  the  meaning  to  be  attached  to  a  name,  I  do  not  think  that 
it  is  unfruitful,  since  ila  aim  is  to  bring  unity  into  (he  fund&mpntal 
conceptions  of  the  science  with  which  we  are  cuncf^rncd.  If  any  of 
you,  however. should  regard  such  a  discussion  of  the  meaning  of  words 
as  devoid  <if  any  deeper  significance,  I  will  ask  you  t«  regard  this 
question  as  merely  a  bond  by  means  of  which  1  have  found  ii  con- 
venient to  unite  what  I  have  to  say  on  the  fundamental  conceptiomi 
and  methods  of  what,  with  or  without  defiQJtion,  we  all  of  us  agree 
to  call  mathematics. 

The  old  idea  that  mathematics  is  the  science  of  quantity,  or  that 
it  is  the  science  of  spact^  and  number,  or  indeed  thai  it  can  be  charar- 
terizcd  by  any  onumpi-ation  of  several  mure  or  leas  hetcroj;i-nc<iU8 
objects  of  study,  has  pretty  well  passed  away  among  I  hose  mathe- 
matielans  who  have  ^vcn  any  thought  to  the  qui'^tinn  of  wl 
tnathematies  really  is.  Such  definitions,  which  might  havo 
intelligently  defended  at  the  beginning  of  the  nineteenth  century, 
became  obviously  inadequate  as  subjecb;  like  pmjcclu'e  geometry, 
the  algebra  of  logic,  and  the  theory  of  abstract  groups  were  de- 
veloped; for  none  of  these  has  any  necessary  relation  to  quantity 
(at  least  in  any  ordinary  understanding  of  that  word),  and  ihe  Ii 
two  have  no  relation  to  space.  It  is  true  that  such  examples  bai 
had  little  effect  on  the  more  or  leas  orthodox  followers  of  Kant, 
who  regard  mathematics  as  coDoemed  with  those  ooneeptious  wbieh 
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are  obtained  by  direct  intuition  of  Lime  and  space  without  th<?  aid  of 
Gmpirical  obsen'atioii.  Thb  view  seema  to  liave  been  held  by  such 
eminent  mathematicians  as  Hamilton  and  DeMorgan;  and  it  is  a 
very  difficult  position  to  refut«,  resting  as  it  docs  on  a  purely  meta- 
physical foundation  which  regards  it  as  certain  that  we  can  evol>'e 
out  of  our  inner  consciousness  the  properties  of  time  and  space. 
According  to  this  view  the  idea  of  quantity  is  to  be  deduced  from 
these  intuitions;  but  one  of  the  facts  most  vividly  brought  home  to 
pure  nutthematicians  during  the  last  half-century  is  the  fatal  weak- 
ness of  intuition  when  taken  as  the  logical  source  of  our  knowledge 
of  number  and  quantity.' 

The  objects  of  nialbematical  study,  even  when  we  confine  our 
attention  to  what  is  ordinarily  regarded  as  pure  mathematics  are, 
then,  of  the  most  varied  description;  so  that,  in  order  to  reach  a 
satisfactory  conchision  as  to  what  really  characterizes  mathematics, 
one  of  two  methods  is  open  to  us.  On  the  one  hand  we  may  seek 
some  hidden  resemblance  in  the  various  objects  of  mathematical 
investigation,  and  having  found  an  aspect  common  to  them  al!  we 
may  fix  on  this  as  the  one  true  object  of  mathematical  study.  Or, 
on  the  other  hand,  we  may  abandon  the  attempt  to  characterize 
mathematics  by  means  of  its  objetts  of  tttudy,  and  seek  in  its  mfthods 
its  distinguishing  characteristic.  Finally,  there  is  the  possibility  of 
our  combining  these  (wo  points  of  view.  The  first  of  these  methods  is 
that  of  Kempe.  the  second  will  lead  us  to  the  definition  of  Benjamin 
Peirce,  while  the  third  has  recently  been  elaborated  at  great  length 
by  Russell.  Other  mathematicians  have  naturally  followed  out  more 
or  less  consistently  the  same  ideas,  but  I  shall  nevertheless  take  the 
liberty  of  using  the  names  Kempe,  Peirce,  and  Russell  as  convenient 
jieeignations  for  these  three  points  of  view.  These  different  methods 
approaching  the  question  lead  finally  to  results  which,  without 
being  identical,  still  stand  in  the  most  intimate  relation  to  one  an- 
other, as  we  shall  now  see.  Let  us  begin  with  the  second  method. 

H.   Pdree'a  DefiniHon 

More  than  a  third  of  a  centur>'  ago  Benjamin  Peirce  wrote:  • 
Mathematics  it  the  aetenct  uAtcA  draica  netengary  cont^uguna.  Accord- 
ing to  this  view  there  is  a  mathematical  element  involved  in  every 
inquir>"  in  which  exact  reasoning  is  iised.  Thus,  for  instance,*  a 
jurj*  listening  to  the  attempt  of  the  counsel  for  the  prisoner  to  prove 
an  alibi  in  a  criminal  case  might  reason  as  folloirs:  "  If  the  witnesses 

'  I  wier  here  to  micli  fncta  ua  that  there  exirf  continuous  funrtion?  mthniit 
derivaUvM,  »h«re»a  the  direct  untutorixi  intiiilion  of  spacv  would  t*t»d  Any  on** 
to  believe  ttiut  ever>'  rgntinuous  rune  has  tatif!eDt«. 

*  LinMir  AMaacuaire  Algebra.  t.ithographM)  18.0.  Il«printf>d  in  th«  Amfriatn 
JoumaJ  of  hiathtmntie*.  vol.  IV. 

'  Thb  itlii(rtratk>n  nas  sujcgeBted  bv  the  reniarkfl  by  J.  Richard.  Sur  la  phUoao- 
phie  dn  tnatliniatiqun.  Paris,  Oauthier-ViUan,  1903*  p.  fiO. 
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are  telling  thr  truth  when  ^ey  say  that  the  prisoner  v.-zs  in  St.  Ix>uis 
At  t-hc  moment  the  crime  was  committed  tn  Chicago,  and  if  it  is 
true  that  a  person  cannot  bo  in  two  places  at  the  same  time,  it  follows 
that  the  prisoner  was  not  in  Chicago  when  the  crime  was  committed." 
This,  according  to  Pcirce,  is  a  bit  of  matberaatica;  while  the  further 
reasoning  by  which  the  jury  would  decide  whether  or  not  to  believe 
the  witnesses,  and  the  reoaoning  (if  they  thought  any  neccasary) 
by  which  they  would  satisfy  themselves  that  a  person  cannot  be 
in  two  plocca  at  once,  would  be  inductive  reasoning,  which  can  give 
merely  a  high  degree  of  probability  to  the  conclusion,  but  never 
certainty.  This  mathematical  element  may  be,  as  the  example 
just  given  shows,  so  slight  as  not  to  be  worth  noticing  from  a  prac- 
tical point  of  view.  This  is  almost  always  the  case  in  the  transac- 
tions of  daily  life  and  in  the  observational  sciences.  If,  however,  we 
turn  to  such  subjects  as  chcmistr>'  and  mineralogy,  wc  6nd  the 
mathematical  element  of  considerable  importance,  though  still 
subordinate.  In  physics  and  astronomy  its  importance  is  much 
greater.  Finally  in  geometry,  to  mention  only  one  other  science,  the 
mathematical  clement  predominates  to  such  an  extent  that  this 
selence  has  been  commonly  rated  a  branch  of  pure  mathemati<», 
whereas,  according  to  Peiroe,  it  is  as  much  a  branch  of  applied 
mathematics  as  is.  for  instance,  mathematical  physics. 

It  is  clear  from  what  has  just  been  said  that,  from  Peirce's  point 
of  view,  mathematics  does  not  necessarily  concern  Itself  with  quanti- 
tative relations,  and  that  any  subject  becomes  capable  of  matbis 
matical  treatment  as  soon  as  it  has  secured  data  from  which  import- 
ant consequences  can  be  drawn  by  exact  reasoning.  Thus,  for 
example,  even  thoufi;h  psychologists  be  right  when  they  aasure  us 
that  seDsations  and  the  other  objects  with  which  they  have  to  deal 
cannot  be  measured,  we  need  still  not  necessarily  despair  of  one  day 
seeing  a  mathematical  psychology',  just  as  we  already  have  a  math- 
ematical logic. 

I  have  said  enough,  I  think,  to  show  what  relation  Peiroe's  eon- 
ception  of  mathematics  has  to  the  applications.  Let  us  then  turn 
to  the  definition  itself  and  examine  it  a  little  more  closely.  You 
have  doubtless  already  noticed  that  the  phrase,  "  the  science  which 
draws  neoeasary  oonclusions, "  contains  a  word  which  is  very  much 
io  need  of  elucidalion.  What  is  a  necrssary  conclusion?  Some  of 
you  will  perhaps  thinic  that  the  conception  here  involved  is  one 
about  which,  in  a  concrete  case  at  least,  there  can  be  no  practical 
diversity  of  opinion  among  men  with  well-trained  minds:  and  in 
fact  when  I  spoke  a  few  minutcfi  ago  about  the  reasoning  of  the 
jurymen  when  listening  to  the  lawyer  trying  tn  prove  an  alibi,  I 
assumed  tacitly  that  this  is  so.  If  this  really  were  the  ease,  no  further 
diacusBion  would  be  neccaawyj  for  U  is  not  my  purpose  to  enter  into 
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any  purely  phUosophical  apeculationa.  But  unfortiinatt^ly  wn  cttn- 
not  dismiss  the  matter  in  this  way;  for  it  has  happonwi  not  in(rf<- 
quently  that  the  most  emiuent  men,  inchiding  niathrmaticians, 
have  differed  as  to  whether  a  given  piece  of  reasoning  was  exact  op 
not;  and,  what  is  worse,  modes  of  reasoning  which  srem  absohitely 
eoncluBive  to  one  genemtion  no  hmger  satisfy  the  next,  at;  is  shown 
by  the  way  in  which  the  greatest  mathcmaticiona  of  the  eighteenth 
ccntur>-  used  geometric  intuition  ae  a  means  of  drawing  what  they 
Kgerded  aa  necessary  conclusions.' 

I  do  not  n-ish  here  to  raiac  the  question  whether  there  ifl  such  a 
thing  as  absolute  logical  rigor,  or  whether  this  whole  conception  of 
logical  rigor  is  a  purely  psychological  one  bound  to  change  with 
changes  in  the  human  mind.  I  content  myself  with  expresaing  the 
belief,  which  I  will  tr>'  to  justify  a  little  more  fully  in  a  moment, 
that  as  we  never  have  found  an  immutable  standard  of  logical  rignr 
in  the  past,  so  we  are  not  likely  to  find  it  in  the  future.  However 
this  may  be,  so  much  we  can  say  with  tolerable  confidence,  as  past 
experience  shows,  that  no  reasoning  which  claims  t«  be  exact  can 
make  any  use  of  intuition,  but  thai  it  must  proceed  from  definitely 
and  completely  stated  premises  according  to  certain  principles  of 
formal  logic.  It  is  right  here  that  modem  mathematicians  bn?ak 
sharply  vdth  the  tradition  of  a  priori  8j*nthetic  judgments  (that  ia, 
conclusions  drsmi  from  intuition)  which,  according  to  Kant,  form  an 
essential  part  of  mathematical  reasoning. 

If  then  wc  agree  that  "necessarj*  conclusions"  must,  in  the  present 
state  of  human  knowledge,  mean  conclusions  drawn  according  to 
certain  logical  principles  from  definitely  and  completely  stated 
premises,  we  must  face  the  question  as  to  what  theise  principles 
shall  be.  Here,  fortunately,  the  malhematieal  logicians  from  IJoole 
down  to  C.  8.  Peirce,  Schroder,  and  Peano  have  prepared  the  field 
9o  well  that  of  late  years  Peano  and  his  follower  '  have  been  able 
to  make  a  rather  short  list  of  logical  conceptions  and  principles  upon 
whirh  it  would  seem  that  all  exact  reasoning  depends,*  We  must 
remember.,  however,  when  we  are  tempted  to  put  implicit  confidence 
in  certain  fundamental  logical  principles,  that,  owing  to  their  extreme 
generality  and  abstractnc^s,  no  very  great  weight  can  be  attached 
to  the  mere  fact  that  thean  principles  appeal  to  us  as  obviously 


'  Ail  wriu-ra  on  fltanentary  jtcontctry  from  Euclid  don-n  almost  to  th«  eiose 
of  the  ttint^tfcnth  efntiirviuie  intnitiori  (ny^v.  thoiiKh  uniinlly  iinfon-irtoiiflhr.  In 
~  liniiig  nwulU  which  they  are  uiitibto  to  iJMluor  frotn  tl>rir  axionua.  T)m>  Hrnl 
demorwtntiorM  of  I^clid  are  critidiwd  from  thh  point  of  view  bv  Kiixsell  m 
bia  Prineipla  of  Mnthematica,  vol.  i.  404-407.  fiaufts's  fimr  proof  (I7B<>1  that 
rverv  aigeoraic  equation  hati  a  root  givM  a  rtrikinf;  fxanipie  of  tfi»  tMR  of  tnttiiUon 
(n  what  vras  tnti>nd»d  hs  an  absolutely  rjfcorous  proof  by  oav  of  the  )ir«st«s1  and  at 
ti»  eamt  tirn>?  rooia  critical  mathenuitical  mino-^  thf;  world  has  crtr  nem. 

'  Aod,  independent ly,  Frair*. 

■  It  ia  DOC  intendad  to  amsrt  that  a  single  Ibt  has  b«ea  Oxed  upon.  Different 
wTit«n  naturallv  use  dtffcnDt  lists. 
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true;  for,  as  I  have  said,  other  modes  of  reasoning  which  are  now 
uoiversaUy  recognized  as  faulty  have  appealed  in  just  this  way  to 
the  greatest  minds  of  the  past.  Such  confidence  as  wc  feel  must, 
I  think,  come  from  the  fact  that  those  modes  of  reasoning  which 
we  trust  have  withstood  the  test  of  use  in  an  immense  number  of 
cases  and  in  very  many  fields.  This  is  the  severest  test  to  which  any 
theory  can  be  put,  and  if  it  does  not  break  down  under  it  we  nwy 
f«el  the  greatest  confidence  that,  at  least  in  cognate  fields,  it  will 
prove  serWceable.  But  we  can  never  be  sure.  The  accepted  modes 
of  exact  reasoning  may  any  day  lead  to  a  contradiction  which  would 
show  that  what  we  regard  aa  universally  applicable  principles  are 
in  reality  applicable  only  under  certain  reatrictions.' 

To  show  that  the  danger  which  I  here  point  out  is  not  a  purdy 
fanciful  one,  it  is  sufficient  to  refer  to  a  very  recent  example.  Inde- 
pendently of  one  another,  Frege  and  Russell  have  built  up  the  theory 
of  arithmetic  from  its  logical  foundations.  Each  atarta  with  a  definite 
list  of  apparently  self-evident  logical  principles,  and  builds  up  a 
seemingly  flawless  theory.  Then  Russell  discovers  that  bis  logical 
principles  when  applied  to  a  very  general  kind  of  logical  ctojii  lead 
to  an  absurdity;  and  both  Frege  and  Russell  have  to  admit  that 
something  is  wrong  with  the  foundations  which  looked  so  secure. 
Now  there  is  no  doubt  that  these  logical  foundations  will  be  somehow 
recast  to  meet  this  difficulty,  and  that  they  will  then  be  stronger 
than  ever  before.'  But  who  shall  say  that  the  same  thing  will  not 
happen  again? 

It  is  conunonly  considered  that  mathematics  owes  it«  certainty 
to  its  reliance  on  the  immutable  principles  of  formal  logic.  This, 
as  we  have  seen,  is  only  half  the  truth  imperfectly  expressed.  The 
other  half  would  be  that  the  principles  of  formal  logic  owe  such 
degree  of  permanence  as  they  have  largely  to  the  fact  that  they 
have  been  tempered  by  long  and  varied  use  by  mathematicians. 
"A  vicious  circle!"  5"ou  will  perhaps  say.  I  shotild  rather  describe 
it  as  an  example  of  the  process  known  to  mathematirians  as  the 
method  of  successive  approximations.  Let  us  hope  that  in  this 
case  it  is  really  a  convergent  process,  as  it  has  every  appearance  of 
being. 

But  to  return  to  Peircc's  definition.   From  what  are  these  neM»- 

'  If  the  -dtv  which  I  here  raointi^  Is  eoirect,  it  follows  (hat  if  th«  tonn  "  timt- 
lut«  Io^ckI  rkor  "  ha»  n.  mtwung,  and  if  w»  tliould  some  Umo  amvo  «t  this  ab«»> 
lute  staDdard,  the  only  iodieatton  we  diould  ever  have  o[  Ibe  birt  would  ba  thai 
for  a  long  period,  aereral  thouaand  yests  let  us  aay.tho  logical  princtnlrs  In  qtiM> 
tton  h»d  aiood  tba  teat  of  itoe.  But  Uib  stat«  of  kffuTS  oilelit  «qtuiry  wr-U  meaa 
tLat  darins  tbst  time  the  btimaa  mind  had  d»gener>tMl,  at  least  with  rffard  to 
some  of  its  nuutioiH.  Conuder,  for  instaaoe.  the  iweotjr  eratiiries  following  Euclid 
when,  wltliDut  doubt,  Ibe  hifh  tide  of  exact  thtDking  attnioed  during  Euelid's  im- 
enUion  had  receded. 

*  Cf.  Pohusart's  view  to  La  Seunee  tf  VHyfMtat,  p.  179.  iionmlliig  to  which 
a  theory  never  renden  a  greater  eervioe  to  aoeooe  0iaa  whcti  it  hmaki  doiro. 
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sary  concluAions  to  be  drawn?  The  answer  clearly  implied  is,  from 
any  premises  BufficientJy  precise  to  make  it  possible  to  draw  neces- 
sary conclusions  from  them.  In  geometry,  for  instance,  we  have  a 
large  numbrr  of  intuitions  and  fixed  beliefs  concerning  the  nature 
nf  space;  it  is  homogcncoiLs  and  isotropic,  infinite  in  extent  in  every 
direction,  etc.;  but  none  of  these  ideas,  however  dearly  defined 
they  may  at  first  sight  seem  to  be,  gives  any  hold  for  exact  reasoning. 
This  was  clearly  perceived  by  Euclid,  who  therefore  proocedod  to 
lay  down  a  list  of  axioms  and  postulates,  that  is,  specific  facta  which 
he  aasumce  to  be  true,  and  from  which  it  was  his  object  to  deduce  all 
geometric  propositions.  That  his  success  here  was  not  complete 
is  now  well  known,  for  he  frequently  assumes  unconsciously  further 
which  he  derives  from  intuition;  but  his  attempt  was  a  monu- 
intai  one. 

IIL  The  Al/stract  Natun  of  Mathematics 

Now  a  further  self-evident  point,  but  one  to  which  attention  seems 
to  have  been  drawn  only  during  the  last  few  years,  is  this:  since  we 
are  to  make  no  use  of  intuition,  but  only  of  a  certain  number  of 
explicitly  stated  premises,  it  is  not  necessary  that  we  should  have 
any  idea  what  the  nature  of  the  objects  and  relations  involved  in 
these  premises  is.*  I  «-ill  try  to  make  this  clear  by  a  simple  example. 
In  plane  geometry  we  have  to  consider,  among  other  things,  points  and 
straight  lines.  A  point  may  have  a  peculiar  relation  to  a  straight 
line  which  we  express  by  the  words,  the  point  lies  on  the  line.  Now 
one  of  the  fundamental  facts  of  plane  geometry  is  that  two  points 
determine  a  line,  that  is,  if  two  points  are  given,  there  exists  one  and 
only  one  line  on  which  both  points  He.  All  the  facts  that  I  have  just 
Btatcd  correspond  to  clear  intuitions.  Let  us,  however,  eliminate  our 
intuition  of  what  is  meant  by  a  point,  a  line,  a  point  lying  on  a  line. 
A  slight  change  of  language  will  nmke  it  easy  for  us  to  do  this.  In- 
stead of  points  and  lines,  let  us  speak  of  two  different  kinds  of  objects, 
Bay  it-objects  and  J9-objeets;  and  instead  of  saying  that  a  point 
lies  on  a  line  wo  will  simply  say  that  an  A-oh']cct  bears  »  certain 
relation  R  to  a  ft-objeot,  Then  the  fact  that  two  points  determine 
a  line  will  be  expressed  by  saying:  If  any  two  .4-objec(s  are  given, 
there  exists  one  and  only  one  B-object  to  which  they  both  bear  the 
relation  R.  This  statement,  while  it  does  not  force  nn  us  any  specific 
intuitions,  will  snrve  as  a  baais  for  mathematical  reasoning'  just  as 
w^  as  the  more  familiar  statement  where  the  terms  points  and  tinea 

'  ThU  wat  iwontiiJly  KmipuN  point  of  vip-w  in  lli^  pmpcrs  tn  \».  n^ferrod  to 
preKintly.  In  thn  gmmplric  example  wliieh  follows  it  was  clearly  brmiKht  out 
l>y  H.  Wiener:  Jahra^ericlU  d.  drutecAen  U<ahemat^Mr-Ver«iniintng,  vol.  i  (18dl)> 
p.  45. 

*  Id  pon]unction,  of  oourw,  «itb  further  pofftulat«s  with  which  wc  need  not 
here  conrrm  ounelvM. 
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are  used.  But  more  than  Ihiii.  Our  A-obj«cU,  our  iJ-objecta,  aiul  our 
relatioD  R  may  be  ^veo  un  iuterpretatlou,  If  we  chuotic,  very  differeul 
from  that  we  had  at  first  iuteoded. 

We  may,  for  iiutanve,  regard  the  A-objeota  aa  the  atraighl  lines  in 
a  plane,  the  iJ-objecta  aa  the  points  iji  tlie  sanie  plane  (either  fiixite 
or  at  iiifmity),  and  when  an  A-object  stands  in  the  relation  if  to  a 
fi-object,  tbis  may  be  taken  to  mean  that  the  line  paasee  through  the 
point.  Ourstatement  would  then  become:  Any  two  lineci  beinggiven, 
there  exists  one  and  only  one  point  through  which  they  both  pass. 
Or  we  may  regard  the  A-object»  as  (he  men  in  a  curtain  commuiuty, 
the  ^-objects  as  the  women,  and  Ihe  relation  of  an  A-object  to  a 
£-object  as  friendship.  Then  our  statement  would  be:  la  this  com- 
munity any  two  men  have  one,  and  only  one,  woman  friend  in  com- 
mon. 

These  examples  are,  I  think,  sufficient  to  show  what  is  meant 
when  I  say  that  we  are  not  concerned  in  mathematics  with  the 
nature  of  the  objects  and  relations  involved  in  our  premises,  except 
in  so  far  as  their  nature  is  exhibited  in  the  premises  themaclvea. 
Accordingly  mathematicians  of  a  critical  turn  of  mind,  during  the 
last  few  years,  liave  adopted  more  and  more  a  purely  nominaliatio 
attitude  towards  the  objects  and  relations  involved  in  mathematical 
investigation.  This  is,  of  course,  not  the  crude  mixture  of  nominalism 
and  empiricism  of  the  philosopher  Hobbes,  whose  claim  to  mathe- 
matical fame,  it  may  bo  gaid  in  passing,  is  that  of  a  circle-squarcr.' 
The  DomiQaliam  of  the  present^ay  mathematician  consists  iu  treating 
the  objects  of  his  investigation  and  the  relations  between  them  as 
mere  symbols.  He  then  slates  his  propositions,  in  effect,  in  the  fol- 
lowing  form:  If  there  exist  any  objects  in  Ihe  physical  or  mental 
world  with  relations  among  themselves  which  satisfy  the  conditions 
which  I  have  laid  down  for  my  symbols,  then  such  and  such  facte 
will  be  true  concemiog  them. 

It  will  be  9een  that,  according  to  Peiroe's  view,  the  mathematician 
at  auch  Ls  in  no  wise  concerned  with  the  source  of  his  premises  or  with 
their  harmony  or  lack  of  harmony  with  any  part  of  the  ext«mal 
world.  He  does  not  even  assert  that  any  objects  ivally  exist  which 
correspond  to  h»  symbols.  Mathematics  may  therefore  be  truly 
aaid  to  he  the  most  abstract  of  all  sciences,  sinoe  it  docs  not  deal 
directly  with  reality.* 

This,  then,  is  Pcirce's  definition  of  mathematios.  Its  advantflcas 
in  the  direction  of  unifying  our  conception  of  malhcmatic^s  and  of 
assigning  to  it  a  definite  place  among  the  other  sciences  are  clear. 

HobbM  pfArtiddly  ofati^ss  ■•  Um  ratio  of  a  ciroumftnttn  lo  )u  dtaiMtar 
valui 
vol.  Ttii,  p.  431. 

'  Cf.  tl 
vol.  TO,  pp.  33-24. 


tht'  vahie  \/%0.  Cf.  for  iiwUncv  MoWirorth'a  MUtjun  of  Hohhea's  English  Wocks, 
II.  p.  ' 
'  Cf.  the  Terr  intnreMuif  mnartcs  aloog  tide  line  a(  C.  S.  Phtm  hi  Tht  Hatual, 
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What  are  it«  disadvantages?  I  can  see  only  two.  First  that,  as  has 
been  already  remarked,  the  idea  of  drawing  necessary  conclusions 
is  a  slif^htly  vajEue  and  shifting  one.  Secondly,  that  it  lays  cxelusi\-e 
stress  on  the  rigorous  logical  element  in  mathematics  and  ignores 
the  intuitional  and  other  non-rigorous  tendencies  which  form  an 
important  clement  in  the  great  bulk  of  mathematical  work  conccni- 
ing  which  T  shall  speak  in  greater  detail  later. 

IV.  Geottutry  an  ExperiTnenhU  Sciertce 

Some  of  you  will  also  regard  It  as  an  objection  (hat  there  are 
Bubjectti  which  have  almost  universally  been  regarded  aa  branches 
of  mathemalins  but  are  excluded  by  this  definition.  A  striking 
example  of  this  is  geometry,  I  mean  the  science  of  the  actual  space 
we  live  in;  for  though  geometry  is,  according  tu  Peircc's  definition, 
pn^niinetitly  a  mathematical  science,  it  is  not  exclusively  so.  Until 
a  system  'if  axioms  is  est-ablished  mathematics  cannot  begin  itJt  work. 
Mori'over.  the  actual  irerception  of  spatial  relations,  not  merely 
in  simple  cases  but  in  the  appreciation  of  complicated  theorems,  ia 
an  essentia!  elejiient  in  geometry  which  has  no  relation  to  mathe- 
oiattcs  a&  Peircc  understands  the  term.  The  some  is  true,  to  a  con- 
siderable extent,  of  such  subjects  as  mechanical  drawing  and  model- 
making,  which  involve,  besiides  small  amounts  of  physics  and  math- 
ematics, mainly  non-mathematical  (-eometry.  Moreover,  although  the 
mathemBtiral  method  is  the  traditional  one  for  arriving  at  the  truth 
concerning  genmelric  facts,  it  is  not  the  only  one.  Direct  appeal  to 
the  intuition  is  often  a  short  and  fairiy  safe  cut  to  geometric  results; 
and  on  the  other  hand  experimcnis  may  be  used  in  geometry,  jtist 
as  they  are  used  every  day  in  physics,  to  teat  the  truth  of  a  pnjpoai- 

^tion  or  to  deteniiine  the  value  of  some  gtximetric  magnitude.' 
We  must,  then,  admit,  if  ne  huld  to  Peirce's  view,  that  there  is 
an  jiidependent  science  of  geometry  just  as  there  is  an  independent 
scleocu  of  phy&ics.  and  that  either  of  these  may  be  treated  by  math- 
qtetical  methods.  Thus  geometry  becomes  the  simplest  of  the 
natural  sciences,  and  its  axioms  are  of  the  nature  of  physical  laws, 
^_  to  be  tf!sted  by  eK{>erience  und  to  be  regarded  as  true  only  within 
^H  the  Jitnit«  of  error  of  observation.  This  view,  while  it  has  not  yet 
'  gained  universal  recognition,  should.  I  believe,  prevail,  and  geo- 
metry Iw  recognized  as  a  science  independent  of  mathcroaties.  just 
as  psychology  is  gradually  being  recognized  as  an  independent 
>  eeience  and  not  &£  a  branch  of  philosophy. 

The  view  here  set  forth,  according  to  which  geometry  is  au  ex* 
peridental  science  like  phyaica  or  chemistry,  has  been  held  ever 

■  I  Km  thinking  of  rnnsaranentfl  and  obmrvatioiis  muto  on  MeiirAt«ly  eon- 
•tructrd  tlrawiim  and  modrbt.  A  fHinoun  cvmmpls  i>  0*ilil<»t'<t  ilt>t<^'iinAtiiMi  of 
ibe  area  of  a  eytwid  by  ratling  out  ao'ckHdrrafnainetnUic^iectandwei^itag  it. 


MATHEMATICS 

sincB  Gauss's  time  by  almost  all  the  leading  mathcraflticiiins  wt 
have  been  conversant  with  nou-EucUdean  geometry.*  Recently, 
however,  Polncarf  has  thrown  the  weight  of  hi?  great  authority 
against  this  view,*  claiming  that  the  experiments  by  which  it  is 
sought  to  test  the  truth  of  geometric  axioms  ore  really  not  geometrical 
experiments  at  all  but  physical  ones,  and  that  any  failure  of  these 
experiniputs  to  agree  with  the  ordinary  geometrical  axioms  ouuld 
bo  explained  by  the  inaccuracy  of  the  physical  lawa  ordinarily  as- 
sumed. There  is  undoubtedly  an  important  element  of  truth  here. 
Every  exijerinient  depends  for  its  results  not  merely  on  thp  law  wi- 
wish  to  teat,  but  aUo  ou  other  laws  which  for  the  moment  wc  assume 
tu  be  true.  But,  ir  we  prefer,  we  may,  in  many  cases,  assume  as 
true  the  law  we  were  before  testing  and  our  experiment  will  then 
serve  tx}  teeit  some  of  the  remainirtg  laws.  If,  then,  we  choose  to  btick 
to  the  ordinary  Euclidean  axioms  of  geometry  in  spite  of  what  any 
future  experiments  may  possibly  show,  wc  can  do  so,  but  at  the  cost, 
perhaps,  of  our  prt-sent  Biinple  physical  laws,  nut  merely  in  one 
branch  of  physics  but  in  several.  Poinrar^'a  view '  is  that  it  will 
alwaye  be  expedient  to  presprve  simple  geometric  laws  at  all  costs, 
ati  opinion  for  which  1  fail  to  see  sufhcieut  rcuifon. 

V.   Kempe's  Definition 

Let  us  now  turn  from  Peirce  s  method  of  defining  mathematics  to 
Kempe'R,  which,  however,  I  shall  present  to  you  in  a  somewhat 
modified  form.*  The  point  of  view  adopted  here  i?  ii>  try  to  defioi 
mathematics,  as  other  sciences  arc  defuied.  by  describing  the  objects 
with  which  it  deals.  The  diversity  of  thi;  objects  with  which  raathe- 
matics  is  ordinarily  i>uppnsed  tn  deal  being  »o  great,  the  first  step 
must  be  to  divest  them  of  what  is  uucBsenual  for  the  rnarhemutical 
treatment,  and  to  try  in  this  way  to  discover  their  common  and 
charoctcristic  element. 

The  fir»t  point  on  which  Kempc  insists  is  that  the  objects  of  malhe- 
niattcal  discussion,  whether  they  be  the  points  and  lines  of  geomatiy, 
the  numbers  real  ur  complex  of  algebra  or  analysis,  the  flletniuits  of 
groups  or  anything  else,  arc  alwayn  individuals,  infinite  in  niuobar 
perhaps,  but  still  distinct  individuals.  In  a  particular  mat  hctnatical 
investigation  we  may,  and  usually  do,  have  several  different  kinds  of 
individuals;  as  for  instance,  in  elementary  plane  geometry,  iwiuts, 
straight  lines,  aud  cireles.  Kurthennore,  wc  have  to  deal  with  certain 
relations  of  these  objects  to  one  another.  Por  instance,  in  the  cuamplf 

'  Omibi,  Riofnoan,  Ilrlmbotts  sre  the  nataes  wbidi  irill  carry  p^rltapc  th<> 
fTcatnrt.  wtiehL 

*  Cr.  la  Scitna  rt  TUvpolHttt.    ran*.  IWXt. 

*  I.,  c,  chapter  Y.  In  partieuUr.  ^,  93. 

*  Kcinpe  Ym  wt  fortn  hu  idMu  to  r«t)iM-  popular  form  in  ttut  Proettdimgt  »f 
th*  Ltmtion  MitthtmaiietU  SodHir.  \n\.  xxvi  (1MM\  p.  A;  mnd  in  Pfatute^  tdI.  xlbI 
tSOO),  p.  IM,  vben  tahnacealo  hu  nun*  t«chnlca)  writing  wQ)  b»  looad. 
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)u3t  cited,  a  gi\xn  point  may  or  may  not  He  ou  a  given  line;  a  given 
lino  may  or  may  not  touch  a  given  circle;  three  or  more  points  may 
or  may  not  be  colUncar,  etc.  This  example  shows  how  in  a  single 
mathematica]  problem  a  large  number  uf  relations  may  be  involved, 
relations  some  of  which  connect  two  objects,  others  three,  etc. 
Moreover  these  relations  may  connect  like  or  they  may  connect 
unlike  objects;  and  finally  the  order  in  which  the  objects  are  taken 
is  not  by  any  m(?ana  immaterial  in  grncral.  as  is  shown  by  the  relation 
between  three  points  which  states  that  the  third  is  coUinear  with  and 
lica  between  the  first  two. 

But  even  this  is  not  all;  for,  besides  these  objects  and  relations 
of  various  kinds,  wc  often  have  opcrctioivt  by  which  objects  can  be 
combined  to  yield  another  object,  as,  for  instance,  addition  or  multi- 
plication of  numbers.  Here  the  objects  combined  and  the  resulting 
object  are  all  of  the  same  kind,  but  this  is  by  no  means  necessary. 
We  may,  for  instance,  consider  the  operation  of  combining  two 
points  and  getting  the  perpendicular  bisector  of  the  line  connecting 
them;  or  we  may  combine  a  point  and  a  line  and  get  the  perpen- 
dicular dropped  from  the  point  on  the  line. 

These  few  examples  show  how  diverae  the  relations  and  operations, 
aa  well  as  the  objects  of  mathematics,  seem  at  first  sight  to  be.  Out 
of  this  apparent  divensity  it  is  not  difficult  to  obtain  a  very  great 
uniformity  by  simply  restating  the  facta  in  a  little  different  language. 
We  shall  find  it  convenient  to  indicate  that  the  objects  a,b,c,  .  .  .  , 
taken  in  the  order  named,  satisfy  a  relation  R  by  simply  writing 
R(a,  b,  c,  .  .  .),  where  it  should  be  understood  that  among  the 
objects  a,b.  c,  .  .  .  the  same  object  may  occur  a  number  of  times. 
On  the  other  hand,  if  two  objects  a  and  b  are  combined  to  yield 
a  third  object  c,  we  may  write  a  o  6=c,'  where  the  hjTnbol  o  is 
characteristic  of  the  special  operation  with  which  we  are  concerned. 

Let  us  first  notice  that  the  equation  ao6=>c  denotes  merely 
that  the  three  objects  a,  6,  c  bear  a  certain  relation  to  one  another, 
Bay  R(a,  b,  c).  In  other  words  the  idea  of  an  operation  or  law  of 
combination  between  the  objects  we  deal  with,  howcvsr  convenient 
and  useful  it  may  be  as  a  matter  of  notation,  is  essentially  merely 
a  way  of  exprea«ng  the  fact  that  the  objecta  combined  bear  a  certain 

ition  to  the  object  resulting  from  their  combination,  .\ccordingly, 

a  purely  abstract  discussion  like  the  present,  where  questions  of 
practical  convenience  are  not  involved,  wc  need  not  consider  such 
rules  of  combination.' 

'  I  Bpenk  li#r«  itifiri'Iy  of  dyndic  ofwrAliona,  —  i.  t.,  of  op^rxtionji  bj^  wliicK 
two  objects  BTe  combined  to  yieM  a  third. — thieae  bein([  by  fBrtheroort  import- 
ant aa  well  lu  thp  amplrst.  What  ia  Baid.  honrfvpr,  ob^Hniisly  iippliE>3  (o  opera- 
tions by  whicli  any  number  of  obj«^s  are  combitWHl. 

*  Even  from  the  point  of  wiew  of  the  tcehnlcal  ntathemoticiaa  tt  mav  »onie- 
timea  be  (tRorable  to  adopt  tho  point  of  vi«w  of  a  relation  rather  than  that  of  an 
itkm.  Thu  is  seen,  for  inataaoe,  in  layir^  down  a  vystvm  of  pottulatw  for  tb* 
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FurthpiTOoro,  it  is  eaay  to  see  that  when  we  speak  of  objects  of 
different  kinde,  as,  for  instance,  the  points  and  lines  of  geometry,  we 
are  introducing  a  notion  which  can  very  readily  be  expreaeed  in  our 
relational  notation.  For  this  purpose  we  need  merely  to  introdure 
a  further  relation  which  is  satie&cd  by  two  or  more  objects  when  and 
only  when  they  are  of  the  same  "kind." 

Let  US  turn  finally  to  the  relations  themselves.  It  is  customary 
to  distinguish  here  between  dyadic  relations,  triadic  relations,  etc.. 
according  as  the  relation  in  question  connects  two  objects,  three 
objects,  etc.  There  are,  however,  relations  which  may  connect  any 
number  of  objects,  as,  for  instance,  the  relation  of  coUincarity  which 
may  hold  between  any  number  of  points.  Any  relation  holds  for 
certain  ordered  groups  of  objects  but  not  for  others,  and  it  is  in  no 
way  mtxsBary  for  us  to  fix  our  attention  on  the  fact,  if  it  be  true, 
that  the  number  of  objects  in  all  the  groups  for  which  a  particular 
relation  holds  is  the  eiime.  This  is  the  point  of  view  we  shall  adopt, 
and  we  shall  relegate  the  property  that  a  relation  is  dyadic,  triadic, 
etc.,  to  the  background  along  with  the  various  other  properties 
relations  may  have,'  all  of  which  must  be  taken  account  of  in  the 
proper  place. 

We  are  thus  concerned  in  any  mathematical  investigation,  from 
our  present  point  of  view,  with  jt;st  two  conceptions:  first  a  set,  or 
•8  the  logicians  say,  a  cUuss  of  objects  a,  b,  e^  .  .  .;  and  secondly  a 

class  of  relations  R,  S,  T We  may  suppose  these  objeota 

divested  of  any  qualitative,  quantitative,  spatial,  or  other  attributes 
which  they  may  have  had,  and  regard  them  merely  as  satisfying  or  not 
satisfying  the  relations  in  question,  where,  again,  we  are  wholly 
indifl'erent  to  the  nature  which  these  relatione  originally  had.  .^nd 
now  we  are  in  a  position  to  state  what  I  conceive  lo  be  really  the 
essential  point  in  Kempe's  definition  of  mathematics,  although  I 
have  omitted  one  of  the  points  on  which  he  iniusts  most  strongly,' 
by  saying: 

If  we  have  a  certain  clant  of  objects  and  a  certain  class  of  rdations. 
and  if  (he  only  questions  which  wc  investigate  are  whether  ordered 
groups  of  these  objects  do  or  do  not  satisfy  the  relatione,  the  results 
of  the  investigation  are  called  mathematics. 

theory  of  abstract  groups  (cf ,  for  ex&inple,  Hitnlirti^An,  BvIUtirt  of  th$  Amttr^ 
cojt  iJathrmaticai  Society,  Jun«,  1002),  wtine  the  pontulatc: 

If  a  And  h  bdofiK  to  the  cIom,  a  tib  belongs  to  thn  cl&n. 
which  in  thi«  form  loolu  indMompMable,  imnudialrlr  bmaks  np,  wfa«n  aUImJ  in 
ibv  relational  form,  into  the  foUowinK  two- 

1 .  If  d  and  h  belong  to  the  dass,  therH  easta  an  dement  r  of  tho  dua  aich  tliftt 
lifo.  b.  e). 

'i.  If  «,(,  c,  ij  belong  to  the  cIabs,  And  if  J7(a,  b.e)  uui  ftia,  h.  cf).  tfaeo  s^i. 

'  For  InMancp,  tlie  nroprrty  of  symmrtiT.  A  rvlation  ta  sud  to  bo  vrmnwCrical 
if  it  holds  Off  aild  to  hold  miipjtttniiftiiW  of  the  order  in  wliich  the  objeclj  an  tiilua. 

'  Xnnip}*  tluit  the  only  nsaUon  lluit  n«ed  b>>  considcrvd  is  tliat  of  beloff  "  In* 
dlfltlmptintiahle,"  i.  «.,  i\  lymmelrical  tad  Inuuutive  n>]ACiao  betwoen  two  groopi 
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It  is  convenient  to  have  a  term  to  de«ignat«  a  class  of  objects 
associated  with  a  class  of  relations  between  these  objects.  Such  an 
aggregate  we  will  speak  of  as  a  matfumaticot  sysU-m.  If  now  we  have 
two  difTercnt  mathematical  systems,  and  if  a  one-to-one  correspond- 
ence can  be  set  up  between  the  two  classes  of  objects,  and  also 
between  the  two  classes  of  relations  in  such  a  way  that  whenever 
a  certain  ordered  set  of  objects  of  the  first  system  satisfies  a  relation 
uf  that  system,  the  set  consisting  of  the  corresponding  objects  of  the 
second  sj-stcm  satisfies  the  corresponding  relation  of  that  system, 
and  vice  verm,  then  it  is  clear  that  the  two  systems  are,  from  our 
present  point  of  view,  mathematically  equivalent,  however  different 
the  nature  of  the  objects  and  relations  may  be  in  the  two  cases.'  To 
use  a  technical  term,  the  two  systems  are  nmpiy  uomorphic* 

It  will  ho  noticed  that  in  the  definition  of  mathematics  just  given 
nothing  is  said  as  to  the  method  by  which  we  are  to  ascertain  whether 
or  not  a  given  relation  holds  between  the  objects  of  a  given  set.  The 
method  used  may  be  a  purely  empirical  one.  or  it  may  he  partly  or 
wholly  deductive.  Thus,  to  take  a  very  simple  case,  suppose  our  class 
of  ohjecl.<  to  conitist  of  a  large  number  of  points  in  a  plane  and  sup- 
pose the  only  relation  between  them  with  which  we  are  concerned 
is  that  of  collinearity.  Then,  if  the  points  are  given  us  by  being 
marked  in  ink  on  a  piece  of  whit^  paper,  we  can  begin  by  taking  three 
pins,  sticking  them  into  the  paper  at  three  of  the  points;  then,  by 
sighting  along  them,  we  can  determine  whether  or  not  these  points 
Ktc  collinear.  We  can  do  the  same  with  other  groups  of  three 
points,  then  with  all  groupw  of  four  points,  etc.  The  same  result 
can  be  obtained  with  much  less  labor  if  we  make  use  of  certain 
simple  properties  which  the  relation  of  collinearity  itatisfies,  pro- 
perties which  are  expressed  by  such  propositions  as: 

R{a,  h,  r)  implies  R(b,  a,  e), 

R(a,  h,  c,  d)  implies  R(a,  h,  e). 

R(a,  b,  f)  and  R(a,  b,  d)  together  imply  R(a,  b,  e.  d),  etc. 

By  means  of  a  small  number  of  propositions  of  this  sort  it  is  easy 
to  show  that  no  empirical  observations  as  to  the  collinearity  of 
groups  of  more  than  three  points  need  be  made,  and  that  it  may 
not  be  necessary  to  examine  oven  all  groups  of  three  points.   Having 

'  The  polat  of  view  here  brouclit  out.  iacludinjt  tlic  term  isomorphism,  woa 
first  dcwiopod  in  a  .ipcriiil  rnae,  —  tlte  theorr  of  pwps 

*  Iniuiiiitich  u»  Dm  rrlittionit  in  a  mftttinDmiical  sy«tcm  are  tliemsetvM  objects, 
we  may.  \t  wc  cboow.  take  our  clan  of  obiects  w  as  to  include  these  relations  m 
well  fui  whflt  wo  coUed  objects  before,  nome  of  whicli,  we  may  remark  in  pAsdng, 
mxv  tlicnt«ctve«  be  reliUiooS-  Looked  at  from  thif  point  of  view,  wv  np«d  one 
■ddlltonal  relation  wiiich  U  now  the  only  one  wtiich  we  explicitly  call  a  relatwo. 
If  we  denote  tiiU  relntlon  by  iTM-lnsing  the  ohinta  whtrh  aatUfy  it  in  tinrrnthewa. 
then  if  the  relation  <h'iiol<Hl  tirforo  by  R(a.  M  is  aatia&>«l,  we  should  now  write 
(A,  a,  b),  wberoAs  we  slioukl  not  have'(a,  H,  b)  IS.  R,  a.  b),  etc.  Thus  we  see  that 
any  matrwm&ticnl  syRtrm  mny  ))e  regarded  as  ronni.stin];  of  a  clasa  of  objects  and 
a  «in^  relation  t>«'lw<^n  them. 
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made  this  relatively  small  number  of  observations,  the  remaining 
results  would  be  obtained  deductively.  Finally,  we  may  suppose 
ihe  points  given  by  their  coordinates,  in  which  case  the  complete 
answer  to  our  question  may  be  obtained  by  the  purely  deductive 
method  of  analytic  geometry. 

According  to  the  modified  form  of  Kempe's  definition  which  I 
have  just  stated,  mathematics  is  not  necessarily  a  deductive  science. 
This  view,  while  not  in  accord  with  the  prevailing  ideas  of  mathe- 
maticians, undoubtedly  has  its  advantages  as  well  as  ita  dangers. 
The  non-deductive  proceeaes,  of  which  I  shall  have  more  to  say 
presently,  play  too  important  a  pari  in  the  life  of  mathematics  to 
be  ignored,  and  the  definition  just  given  has  the  merit  of  not  exclud- 
ing them.  It  would  seem,  however,  that  the  definition  in  the  form 
just  given  is  too  broad.  It  would  include,  for  instance,  the  dcter- 
minaliun  by  experimental  methods  of  what  pairs  of  chemical  com- 
pounds of  the  known  elements  react  on  one  another  when  mixed 
under  given  conditions. 


VI.  Axioms  and  Poatutates.    Existence  Theorems 

If,  however,  we  restrict  ourselves  to  exact  or  deductive  mathe- 
matics, it  will  be  seen  that  Kempe's  definition  becomes  coextensive 
with  Pcirce's.  Here,  in  order  to  have  a  starting-point  for  deductive 
reasoning,  we  must  aasume  a  certain  number  of  facts  or  primitivt 
pntpogUions  concerning  any  mathematical  system  we  wish  to  study, 
of  which  all  other  propositions  will  be  necessary  consoquonces.^ 
We  touch  here  on  a  subject  whose  origin  goes  back  to  Euclid  and 
which  hna  of  late  years  received  great  development,  primarily  at 
the  hands  of  Italian  mathematicians.* 

It  is  important  for  us  to  notice  at  this  point  that  not  merely  tl 
primitive  propositions  but  all  the  propositions  of  mathematics  maj 
be  divided  into  two  great  classes.  On  the  one  hand,  wo  have  pr 
positions  which  state  that  certain  spcciBed  objects  satisfy  cei 
specified  relations.  On  the  other  hand  ore  the  eristenee  theoremt 
which  state  that  there  exist  objects  satiafj-ing,  along  with  cci 
specified  objects,  certain  spcdfied  relations.'  These  two  classes  of 
propositions  arc  well  known  to  logicians  and  are  designated  by  them 

'  TImm  primitive  proporitiooa  mvr  b«  spoken  of  u  ozioiru  or  jxnCuIata, 
rardlog  to  tiM  point  of  view  we  wisli  to  take  oonremtng  their  aouree,  the  r 
Kxiom,  whieb  bat  been  much  mimaed  of  kt*,  indicating  on  iutuitkioAl  or  empl 
wuiee. 

>  Peano,  Pteri,  Ruloa,  Bursll-Focti.  We  may  mmtJan  here  sIjio  Htlhert,  who, 
ikppanntlv  vithout  knowing  of  the  important  wotk  of  hi»  ItalijM  pii  ili  i  imiiiii. 
Hm  uiMO  done  valueblo  vork  okmg  theao  Udos. 

*  Or  we  might  ronoeivublv  have  existence  theorems  whleh  state  ttutt  thiif 
mtivt  raUtiona  which  mxv  HntiiiBed  li;  o«it«in  specified  abjectii;  or  these  two  Idg  ' 
of  exlsteuoe  ttuomns  might  tw  combined.  If  we  t«ke  the  point  of  view  expl^ 
in  the  seootMl  footnote  on  p.  467.  All  eidstence  theoremt  wiU  be  of  the  t^-ps  mt 
Uooed  in  the  UaA. 
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unixiersid  and  particular  propositions  respectively.'  It  is  only  durinjc 
the  last  fifty  years  or  so  that  mathematicians  have  become  conscious 
of  the  fumiamcntal  import-ance  in  their  science  of  existence  theorems, 
which  until  then  they  had  frequently  assumed  tacitly  as  they  needed 
them,  without  alwa^-s  being  conscious  of  what  they  were  doing. 

It  is  sometimes  held  by  non-mathematicians  that  if  mathematica 
were  really  a  purely  deductive  science,  it  could  not  have  gained 
anything!  like  the  extent  which  it  has  without  losing  itself  in  trivinl- 
ities  and  becoming,  as  Poincatt!  puts  it,  a  vast  tautology.'  This 
view  would  doubtless  be  correct  if  all  primitive  propositions  were 
universal  propositions.  One  of  the  most  characteristic  features  of 
mathematical  reasoning,  however,  is  the  use.  which  it  makes  of  aux- 
iliary elements.  I  refer  to  the  auxiliar>'  points  and  lines  in  proofs 
by  clcmentarj-  geometry,  the  quantities  formed  by  combining  in 
variou.<t  ways  the  numbers  which  enter  into  the  thporema  to  be 
proved  in  algebra,  etc.  Without  the  use  of  such  auxiliary  olemrnta 
mathematicians  would  be  incapable  of  advancing  a  step;  and 
wlicnever  we  make  use  of  such  an  element  in  a  proof,  we  are  in  reality 
u^g  an  e)ds[«nce  theorem.*  These  existence  theorems  need  not. 
to  be  sure,  be  among  the  primitive  propositions;  but  if  not,thcy  mu.st 
be  deduced  from  primitive  propositions  some  of  which  are  existence 
theorems,  for  it  is  clear  that  an  existence  theorem  cannot  be  de<lured 
from  universal  propositions  alone.*  Thus  it  may  fairly  be  said  that 
existence  theorems  form  the  vital  principle  of  mathematics,  but  these 
in  turn,  it  must  be  remembered,  would  be  impotent  without  the 
material  basis  of  universal  propositions  to  work  upon. 


VII.  Rttssdi'a  Definiiion 

We  have  so  far  arrived  at  the  view  that  exact  mathematics  is 
Ihe  study  by  de<luctivc  methods  of  what  we  have  called  a  mathe- 
malic&l  system,  that  is,  a  class  of  objects  and  a  class  of  relations 
between  ibem.  If  we  elaborate  this  i}usition  in  two  directions  we 
shall  reach  the  standpoint  of  RusaeU.' 

In  the  first  place  Hussell  makes  precise  (he  term  deductive  mtOiod 

^  "An  men  ara  mortob"  is  a  slandsnl  example  of  n  univnaal  propoeitlon ; 
wMIe  as  an  iUiutratton  of  a  particular  propoaitioo  b<rften  given:  "Some  moti  air 
Greek*."  That  this  U  really  an  oxist«noe  theorem  n  Been  more  clenrly  wltem  we 
Rtatc  it  in  tlip  form:  "There  ensts  at  liauil  on«  man  who  is  a  Greek." 

*  a.  La  Sd^iKt  ft  I'Hffpothiae,  p.  10. 

'Even  whcm  in  ulgcbrs  we  conaidortlwsum  of  two  Dumbersa4-&.  wvnrv  UNtig 
the  e\lst''[ic<7  tliL-urem  wMeli  sa>'s  that,  any  two  numhen*  a  aiid  h  bclotf  civen, 
thpr««\ir4Lia  numbrr  £  which  standato  thMnin  tho  rdfition  which  «c  indicate  in 
ordinjury  languafCv  1<v  tuvin^  thitt  C  18  \h»  mm  of  0  aod  b. 

*  The  powtT  whi«ti  rwldi^  in  thi^  ro^thoJ  of  mathumatical  induction,  so  oiUed, 
oomea  from  thf  fnrt  thnt  this  Tn4^thod  dcpcncii  on  an  <>xiittrni'«r  thconm.  It  19, 
however,  not  thp  only  (ertilo  principle  in  niat>>emjitic«  m  P"iticar<  muld  hare 
Ul  believe  (rf.  La  Swnce  el  I  Hypofhiw).  In  fiut  tbon;  arr  iiTcat  branches  of 
mathemntirs.  like  eleracntarv  Koomttr^-.  in  whi<-h  it  t«k««  littV'or  no  part. 

*  The  Prindj^t  oj  MatkematteM,  Cambridge.  Cnglaud.  IVU3. 
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by  laying  6owa  explicitly  a  list  of  logical  conceptions  and  prin- 
ciples which  alone  are  to  be  used;  and,  secondly,  he  insists,'  on  the 
contrary,  that  do  mathematical  system^  ^  use  again  the  technical 
t«ia  introduced  above,  be  studied  in  pure  mathematics  whose  exist- 
ence cannot  be  established  solely  from  the  logical  principles  on  which 
all  matheujatics  is  based.  Inasmuch  as  the  development  of  mathemat- 
ics during  the  last  fifty  }'ears  has  shown  that  the  existence  of  most. 
if  not  all  the  mathematical  systems  which  have  proved  to  be  im- 
portant can  be  deduced  when  once  the  existence  of  po^utive  integers 
is  granted,  the  point  about  which  interest  must  centre  here  is  the 
proof,  which  Kussell  attempto,  of  the  existence  of  this  latter  sys- 
tem.' This  proof  will  necessarily  require  that,  among  the  logical 
principles  assumed,  existence  theorems  be  found.  Such  theorems 
do  not  seem  to  be  explicitly  stated  by  Hussell,  the  existence  theorems 
which  make  their  appearance  further  on  being  evolved  out  of  some- 
what vague  philosophical  reasoning.  There  are  also  other  reasons, 
into  which  I  cannot  enter  here,  why  I  am  not  able  to  regard  the 
attempt  made  in  this  direction  by  Russell  as  completely  successful.' 
Nevertheless,  in  view  of  the  fact  that  the  system  of  finite  postive 
integers  is  necessary  in  almcu^t  all  branches  of  mathematics  (vre 
cannot  speak  of  a  triangle  or  a  hexagon  without  having  the  numbers 
three  and  six  at  our  disposal),  it  seems  extremely  desirable  that  the 
system  of  logical  principles  which  we  lay  at  the  foundation  of  all 
mathematics  be  assumed,  if  possible,  broad  enough  so  that  the 
existence  of  positive  integens  —  at  least  finite  integers  —  follows  from 
it ;  and  there  seems  little  doubt  that  this  con  be  done  in  a  satisfactory 
manner.  When  this  has  been  done  we  shall  perhaps  be  able  to  regard, 
with  Kussell,  pure  mathematics  as  consisting  exclusively  of  deduc- 
tions "by  logical  princifdee  from  logical  principles." 

VIII.   The  Non-Deduetive  Elements  in  Mathematics 

1  fear  that  many  of  you  will  think  that  what  I  have  been  saying 
is  of  an  extremely  one-«idcd  character,  for  I  have  insiste<i  merely  on 
ihe  rigidly  deductive  form  of  reasoning  used  and  tht-  purely  abstract 
character  of  the  objects  considered  in  mathematics.  Those,  to  the 
great  majority  of  mathemntieians,  are  only  the  dry  bones  of  the 
science.  Or,  Co  change  the  aimile,  it  may  perhaps  bessid  that  instead 
nr  inciting  you  to  a  feast  I  have  merely  shown  you  the  empty  dishes 


*  In  tbn  formal  definition  of  nathMruUiea  mt  tiif  h«>(rinninic  of  thi>  book  thU  1* 
not  atat«d  or  in  any  vsy  Impliod;  suit  y«t  it  cvm<^  out  ao  eltarly  lhm»Khoii( 
llie  Itonlc  thfti  this  to  a  ^nt  of  view  whirh  tFic  juillior  n^nta  as  CMential.  ttut 
I  littrr  not  hwutotvd  to  mdudr  it  lu*  a  part  of  h'vt  dolinitiun. 

'  Of.  alM  Burali-Forti,  Congrit  irMntalumale  ds  tMowphi^.  Pwit,  vol.  tn. 
p.  2fift. 

*  Huamira  uniH^uIvocol  npudUtion  of  notninnltim  In  mnthonutia  Monts  to 
me  a  aeriouB  ir  uot  %n  tDsnraunmtabls  barrier  ui  pro^raaa. 
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and  explained  how  the  Seaat  would  be  served  if  only  the  dishes  were 
filled.'  I  fully  agree  with  this  opinion,  and  can  only  plead  in  excuse 
that  my  subjeei  was  the  fundamenial  conceptions  and  methods  of 
matheniaticsr  not  the  infinite  variety  of  detail  and  application 
which  give  our  science  ita  real  vitality.  In  fact  I  should  like  to 
subscribe  most  heartily  to  the  view  that  in  inalhematies,  as  else- 
where, the  discussion  of  such  fundamental  matters  derives  its  interest 
mainly  from  the  importance  of  the  theory  of  which  thej'  are  the 
so-called  foundations.'  I  like  to  look  at  mathematics  almost  more 
as  an  art  than  as  a  science;  for  the  activity  of  the  mathematician, 
eonstantly  creating  as  he  is,  guided  though  not  controlled  by  the 
external  world  of  the  senses,  bears  a  resemblance,  not  fanciful  I 
believe  but  real,  to  the  activity  of  an  artist,  of  a  painter  let  ua  say. 
Rigorous  deductive  reasoning  on  the  part  of  the  mathematician 
may  be  likened  here  to  technical  skill  in  drawing  on  the  part  of  the 
painter.  Just  as  no  one  can  become  a  good  painter  without  a  certain 
amount  of  this  skill,  so  no  one  can  become  a  mathematician  without 
the  power  to  reason  accurately  u^  to  a  certain  point.  Yet  these 
qualities,  fundamental  though  they  are,  do  not  make  a  painter  or 
a  mathematician  worthy  of  the  name,  nor  indeed  are  they  the  most 
important  fuctora  in  the  case.  Other  qualities  of  a  far  more  subtle 
aort,  chief  among  which  in  both  cases  is  iroagination,  go  to  the 
making  of  the  good  artist  or  good  mathematician.  I  must  content 
myself  merely  by  recalling  to  you  this  somewliat  vague  and  diflicult 
though  interesting  field  of  speculation  which  arises  when  we  attempt 
to  attach  value  to  mathematical  work,  a  field  which  is  familiar 
enough  to  us  all  in  the  analogous  ease  of  artistic  or  literary  criticism. 
We  are  in  the  habit  of  speaking  of  lo^cal  rigor  and  the  considera- 
tion of  axioms  and  postulates  as  the  foundations  on  which  the  superb 
structure  of  modem  maiheniatics  rests;  and  it  is  often  a  matter  of 
wonder  how  such  a  great  edifice  can  rest  securely  on  such  a  small 
foundation.  Moreover,  these  foundations  have  not  always  seemed  so 
seeure  as  they  do  at  prcnent.  During  the  first  half  of  the  nineteenth 
century  certain  mathematicians  of  a  critical  turn  of  mind  —  Cauchy, 
Abel,  Weierstrass,  to  mention  the  greatest  of  them  —  perceived  to 
their  dismay  that  these  foundations  were  not  sound,  and  some  of  the 
beet  efforts  of  their  lives  were  devoted  to  strengthening  and  improv- 
ing them.  And  yet  I  doubt  whether  the  great  results  of  mathematics 

'  Notie«  that  just  an  tho  etnpty  di*hm  oould  be  lille^d  by  a  Ki^at  varictv  of 
viancb.  k>  tbc  empty  lymbob  of  mathemaUca  coo  be  kIvcd  meauings  of  (he  most 
var!e<)  (inita. 

'  Ct.  thn  following  remark  bv  Study,  JakraiteriM  der  dctiUehcn  MaiSmuttikfr- 
Vereinigun^,  vol.  XI  (IfWOl,  p. '313: 

"So  wprtvrtH  aiich  TTntersuohungen  Qber  die  Kyst^matWhc  Rtellunir  Hpr  mal-h- 
f>rnAttHchpii  finiridl»«igriffe  und  ,  .  .  yoertrnlUr  tut  docli  nocli  tier  mattrifllo  Inhalt 
d«r  eluEcUu'n  Pbdplinea,  um  deflsentniUen  aX\vm  ja  dcrarUgo  Uatenucbuai^pn 
tlberhaupt  ZwmW  hahen.  ..." 
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seemed  less  certain  to  any  of  them  because  of  the  weakness  they 
pcrcravcd  in  the  foundations  on  which  these  results  are  buUt  up. 
The  fact  is  that  what  we  call  mathematical  rigor  is  merely  one  of 
the  foundation  etoncs  of  the  science;  an  important  and  essential 
one  surely,  yet  not  the  only  thing  upon  which  we  can  rely.  A  science 
which  has  developed  along  such  broad  lines  as  mathematics,  with 
such  numerous  relations  of  It^  parts  both  to  one  another  and  to  other 
sciences,  could  not  long  contain  serious  error  without  detection. 
This  explains  how,  again  and  again,  it  has  come  about,  that  the 
most  important  mathematical  developments  have  taken  place  by 
methods  which  cannot  be  wholly  justified  by  our  present  canons  of 
mathematical  rigor,  the  logical  "foundation"  having  been  supplied 
only  long  after  the  superstructure  had  been  raised.  A  discussion 
and  analysis  of  the  non-deductive  methods  which  the  creative 
mathematician  really  uses  would  be  both  Interesting  and  instructive. 
Here  I  must  content  myself  with  the  enumeration  of  a  few  of  them. 

First  and  foremost  there  is  the  use  of  intuition,  whether  geometrical, 
mechanical,  or  physical.  The  great  sennce  which  this  method  has 
rendered  and  is  still  rendering  to  mathematics  both  pure  and  applied 
is  so  well  known  that  a  mere  mention  is  sufficient. 

Then  there  is  the  method  of  experiment;  not  merely  the  physieaJ 
experiments  of  the  laboratory  or  the  geometrical  experiments  I 
had  occasion  to  speak  of  a  few  minutes  ago,  but  also  anthmetieal 
experiments,  numeroiui  examples  of  which  are  found  in  the  theory 
of  numbers  and  in  analysis.  The  mathematicians  of  the  past  fre- 
quently used  tliis  method  in  their  printed  works.  That  this  is  now 
seldom  done  must  not  be  taken  to  indicate  that  the  method  iUelf  Is 
not  used  as  much  as  ever. 

Closely  allied  to  this  metliod  of  experiment  Is  the  method  of 
analogy,  which  assumes  that  something  true  of  a  considerable  num- 
ber of  cases  will  probably  be  (rue  in  analogous  cases.  This  is,  of 
course,  nothing  but  the  ordinary  metliod  of  induction.  But  in  mathe- 
matics induction  may  be  employed  not  merely  in  connection  with 
the  experimental  method,  but  also  to  extend  results  won  by  deduct- 
ive mctbodt)  to  otlior  analogous  cases.  This  use  of  induction  has 
often  been  uuconscious  and  sometimes  overbold,  as,  for  instance, 
when  the  operatiooa  of  ordinary  algebra  were  extended  without 
scruple  to  infinite  series. 

Finally  there  is  what  may  perhaps  be  called  the  method  of  optim- 
ism, which  leads  us  either  HJlirully  or  instinctively  to  shut  our  eyew 
to  the  possibility  of  evil.  Thus  the  optimist  who  treats  a  problem  in 
algebra  or  analytic  geometry  will  say,  if  he  stops  to  reflect  on  what 
he  ia  doing:  "1  know  that  1  have  no  right  to  divide  by  «ero;  but 
there  are  so  mnny  otht>r  values  which  the  expression  by  which  I  am 
dividing  might  have  that  I  will  assume  that  the  Gvil  One  has  not 
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thrown  a  zero  in  my  denominator  this  time."  This  method,  if  a  pro- 
ceeding often  unconscious  can  be  called  a  method,  has  been  of  great 
service  in  the  rapid  development  of  many  branches  of  mathematics, 
though  it  may  well  be  doubted  whether  in  a  subject  as  highly  dex-el- 
oped  as  is  ordinary  algebra  it  has  not  now  survived  its  usefulness.' 
While  no  one  of  these  methods  can  in  aity  way  compare  with 
that  of  rigorous  deductive  reasoaing  as  a  method  upon  which  to 
base  mathematical  results,  it  would  be  merely  shutting  one's  eyes 
to  the  facts  to  deny  them  their  place  in  the  life  of  the  mathematical 
world,  not  merely  of  the  past  but  of  to-day.  There  is  now,  and  there 
always  will  be  room  in  the  world  for  good  mathematicians  of  every 
grade  of  logical  precision.  It  is  almost  equally  important  that  the 
small  band  whose  chief  interest  hes  in  accuracy  and  rigor  should 
not  malce  the  mistake  of  despising  the  broader  though  less  accurate 
work  of  the  great  mass  of  their  colleagues;  as  that  the  latter  should 
not  attempt  to  shake  themselves  wholly  free  from  the  restraint  the 
former  would  put  upon  them.  The  union  of  these  two  tendencies 
in  the  same  individuals,  as  it  was  found,  for  instance,  in  Gauss  and 
Cauchy,  seems  (he  only  sure  way  of  avoiding  complete  estrangement 
between  mathematicians  of  these  two  types. 

'  Cf.  the  very  sxiskpbUvb  remarks  by  Rtudv,  JahreaJtericht  d.  DeiUatAm  Matk- 
cmatiker-VtreiniijuM,  vol.  xt  U1^02)<  p-  ^^-  ffx^Cnate.  in  which  ft  Ls  poUttM  out 
how  riRor,  in  cases  of  this  Bort ,  mav  not  merely  aerve  to  innretise  the  comctnoss  ol 
the  result,  but  aetutUly  to  auggeet  new  fielcii  for  nuUhetnatical  inveetigBtioo. 


THE  HISTORY  OF  MATHEMATICS  IN  THE  NINETEENTH 

CENTURY 

By  PBOFESSOH  JAMZ8  P.   WERPOXT  OF  TALB  UKIVEBBITT 

The  extraordinary  development  of  mathematics  io  the  btst  ceotury 
IB  (]uite  unparalleled  in  the  long  history  of  this  most  ancient  of 
sciences.  Not  only  have  those  branches  of  mathematics  which  were 
taken  over  from  the  eighteenth  century  steadily  grown,  but  entirely 
new  ones  have  sprung  up  in  almost  bewildeiing  profusion,  and 
many  of  these  have  promptly  assumed  proportions  of  vast  extent. 

As  it  is  obviously  impossible  to  trace  in  the  short  time  allotted  to 
me  the  history'  of  mathematics  in  the  nineteenth  century  even  in 
merest  outline,  I  shall  restrict  myself  to  the  consideration  of  some 
of  its  leading  theories. 

Theory  oj  functions  of  a  Complex  Variable 

Without  doubt  one  of  the  most  characteristic  features  of  mathe- 
malicd  in  the  last  century  is  the  systematic  and  universal  use  of  tbe 
complex  variable.  Most  of  its  great  theories  received  invaluable  aid 
from  it,  and  many  owe  their  very  existence  to  it.  What  would  the 
theory  of  differential  eiiualionji  or  elliptic  functions  be  to-day  wilhouC 
it,  and  ia  it  probable  that  I'oncelet.  Steiner,  Chaalea,  and  von  Staudt 
would  have  develoi>ed  synthetic  geometry  with  sucb  elegance  and 
perfection  without  its  powerful  atimuluaT 

The  necetssilieB  of  elementary  algebra  kept  complex  numbers 
persistently  before  the  eyes  of  every  mathematician.  In  the  eight- 
eenth century  the  more  daring,  as  Euler  and  Lagrant^,  used  them 
sparingly;  in  general  one  avoided  them  when  possible.  Three  events, 
however,  eariy  in  the  nineteenth  century  changed  the  attitude  of 
mathematicians  toward  this  mysterious  guest.  In  1$13  Argand 
published  his  geometric  interpretation  of  complex  numbers.  In 
1824  came  the  discovery  by  Abel  of  the  imaginary  period  of  thr 
elliptic  function.  Finally  Gauss  in  his  second  memoir  on  biquadratic 
residues  (1S32)  proclaims  them  a  legitimate  and  necessary  cleuumt 
of  ana1)'8i8. 

The  theory  of  function  of  a  complex  variable  may  bo  uud  to  hAv« 
had  its  birth  when  Cauchy  dUcovered  his  integral  iheorvm 

//U)dx-0 

published  in  1S25.  In  a  long  serios  of  publications  brginning  wilb 
the  Coun  d'Analffte  (1821),  Cauchy  gradually  developed  his  theory 
of  functions  and  applied  it  lo  problems  of  the  mod  divcfse  natur*; 
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for  example,  existence  theorems  for  implicit  functione  and  the  solu- 
lioDB  of  certain  differential  equations,  the  development  of  functions 
in  infinite  scries  and  products,  and  the  periods  of  integrals  of  one 
and  many  valued  functions. 

Meanwhile  Germany  ia  not  idle;  Weierstrass  and  Riemann  de- 
velop Cauchy'3  theorj'  along  two  distinot  and  original  paths.  Weier- 
strass  starts  with  an  explicit  analytical  expression,  a  power  series, 
and  detines  his  function  as  the  totality  of  its  analytical  continua- 
tioQS.  No  appeal  is  made  to  geometric  intuition,  his  entire  theory 
ifl  strictly  arithmetical.  Riemann  growing  up  under  Gaass  and 
Dirichlet  not  only  relies  largely  on  geometric  intuition,  but  he  also 
does  not  hesitate  to  impress  mathematical  physics  into  his  service. 
Two  noteworthy  features  of  his  theory  are  the  many  leaved  surfaces 
named  after  him,  and  the  extensive  use  of  conformal  representation. 

The  hifitor}'  of  functions  as  first  developed  is  largely  a  theory  of 
algebraic  functions  and  their  integrals.  A  general  theory  of  func- 
tions is  only  slowly  evolved.  For  a  long  time  the  methods  of  Cauchy, 
Riemann,  and  Weicrstrass  were  cultivated  along  distinct  lines  by 
their  respective  pupils.  The  schools  of  Cauchy  and  Riemann  were 
the  first  to  coalesce.  The  entire  rigor  which  has  recently  been  im- 
parted to  their  methods  has  removed  all  reason  for  founding,  as 
Weieretrass  and  his  school  have  urged,  the  theory  of  functions  on 
a  single  algorithm,  namely,  the  power  series,  We  may  therefore  say 
that  at  the  close  of  the  century  there  is  only  one  theory  of  functions 
in  which  the  ideas  nf  its  three  great  creators  are  harmoniously  united. 

Let  us  note  briefly  some  of  its  lines  of  advance.  Weierstra-is  early 
observed  that  an  analytic  expression  might  reprewnt  difTerent 
analytic  functions  in  different  regions.  Associated  with  this  is  the 
phenomenon  of  natural  boumlaries.  The  question  therefore  arose, 
What  is  the  most  general  domain  of  definition  of  an  analytic  function? 
Rungo  has  shown  that  any  connected  region  may  serve  this  purpose. 
An  impDrt.ant  line  of  investigation  relates  to  the  ana1,vtic  rxpruaaioD 
of  a  function  by  means  of  infinite  series,  products,  and  fractions. 
Here  may  be  mentioned  Weierstrass's  discovery  of  prime  factors; 
the  theorems  of  Mittag-Lefflor  and  Hilbert;  Poincar^'s  uniform- 
ization  nf  algebraic  and  analytic  functions  by  means  of  a  third 
variable,  and  the  work  of  Stieljes,  Pad^,  and  Van  Vleck  on  infinite 
fractions.  Since  an  analytic  function  is  determined  by  a  single 
power  series,  which  in  general  has  a  finite  circle  of  convergence,  two 
problems  present  themselves:  determine,  first,  the  singular  points  of 
the  analytic  function  so  defined,  and,  second,  an  analytic  cxpresfflon 
^  valid  for  it,s  whole  domain  of  definition.  The  celebrated  memoir  of 
Hadamard  inaugurated  a  long  series  of  investigations  on  the  first 
problem;  while  Mittag-I<efncr's  star  theorem  is  the  most  important 
result  yet  obtained  relating  to  the  second. 
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Another  line  of  investigation  relates  to  the  work  of  Foinc&i^, 
Borcl,  Fad6,  el  ai. ,  on  divergent  series.  It  is,  indeed,  a  strange  vicissi- 
tude of  our  science  that  these  series  which  early  in  the  century 
were  supposed  to  be  banished  once  and  for  all  from  rigorotis  math&* 
matics  should  at  its  close  be  knocking  at  the  door  for  rGadniission. 

Let  us  iinally  note  an  important  scries  of  memoirs  on  integral 
transcendental  functions,  beginning  with  Wcieretrass,  Laguerrc,  and 
FoincanS. 

Algebraic  Functions  and  their  Integrals 

A  brancli  of  the  theory  of  functions  has  been  developed  to  such 
an  extent  that  it  may  be  regarded  as  an  independent  theory;  we 
mean  the  theory  of  algebraic  functions  and  their  integrals.  The 
brilliant  discoveries  of  Abel  and  Jacobi  in  the  elliptic  functions  from 
1S24  to  1829  prepared  the  way  for  a  similar  treatment  of  the  hypcr- 
elliptie  case.  Here  a  difiiculty  of  gravest  nature  was  met.  The  coi^ 
responding  integrals  have  2p  linearly  independent  periods;  but  as 
Jacobi  had  shown,  a  one  valued  function  having  more  than  two 
periods  admits  a  period  as  small  as  we  choose.  It  therefore  looked 
as  if  the  elliptic  functions  admitted  no  further  generalization. 
Guided  by  Abel's  theorem,  Jacob!  at  last  discovered  the  solution  to 
the  difhculty  (1832) ;  to  get  fimctions  analogous  to  the  elliptic  func- 
tions we  must  consider  functions  not  of  one  but  of  p  indepeiidenl 
variables,  namely,  the  p  independent  integrals  of  the  first  species. 
The  great  problem  now  before  mathematicians,  known  aa  Jaooln's 
Problem  of  Inveiaion,  was  to  extend  this  aperfu  to  the  case  of  any 
algebraic  configuration  and  develop  the  consequenoes.  The  Ural  to 
take  up  this  immense  task  were  Weientrass  and  Riemanu,  whosp 
results  belong  to  the  moat  brilUant  achievements  of  the  century. 
Among  the  important  notions  hereby  introduced  we  not«  the  fol- 
lowing: the  birational  tranaformation,  rank  of  an  algebraic  con- 
figuration, class  invariants,  prime  functions,  the  tbeta  and  multiply 
periodic  functions  in  several  vaiiables.  Of  great  importance  is 
Riemanu's  method  of  proving  existence  theorems,  as  also  lus  repre- 
sentation of  algebraic  functions  by  means  of  int^rals  of  the  second 
species. 

A  new  direction  was  given  to  research  in  this  field  by  Clcbsch,  who 
considered  the  fundamental  algebraic  configuration  as  defining  a 
curve.  His  aim  was  to  bring  about  a  union  of  Riemann's  ideas  and 
the  theory  of  algebraic  curves  for  their  mutual  benefit.  ClebscbV 
labors  were  continued  by  Brill  and  Nother;  in  their  work  the  tran- 
scendental methods  of  Rlemann  are  placed  quite  in  the  background. 
More  recently  Klein  and  his  school  have  souglit  to  unite*  the  tnui- 
seeodenlal  melliods  of  Kiemann  with  the  geometric  direction  be|;ao 
hj  Clebsch,  making  systematic  use  of  homogeneous  courdinatcs  aod 
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the  invariant  theory.  Noteworthy,  also,  is  his  uae  of  normal  cur\-cs 
in  (p — 1)  way  space,  to  represent  the  given  olgebnuc  configuration. 
Dedekind  and  Weber,  Hensel  and  Landaberg,  have  made  use  of  the 
ideal  theory  with  marked  success.  Many  of  the  difficulties  of  the 
older  theory,  e.g.,  the  resolution  of  singularities  of  the  algebraic 
configuration,are  treated  with  a  truly  remarkable  eaaeand  generality. 
in  the  theor>'  of  multiply  periodic  functions  and  the  general  S 
functions  we  mention,  besides  Weieretrass,  the  researches  of  Pr>'m, 
Kraser,  Frobenius,  Poincar6,  and  Wirtinger. 


Auiomorpttie  Funetietui 

Closely  connected  with  the  elliptic  functions  is  a  class  of  functions 
which  has  come  into  great  prominence  in  the  last  quarter  of  a  cen- 
tury, namely,  the  elliptic  modular  and  automorphic  functions.  Let 
us  eonader  first  tha  modular  functions  of  which  the  modulus  k  and 
the  absolute  invariant  J  arc  the  simplest  types. 
The  transformation  theory  of  Jacobi  gave  algebraic  relations  be- 

r.lween  such  functions  in  endless  number.  Hcrmite,  Fuehs,  Dcdekind, 
and  Schwarz  are  forerunners,  but  the  theory  of  modular  functions  as 
it  stands  to-day  is  principally  due  to  Klein  and  his  school.    Its  goal 

ris  briefly  stated  thus:  Determine  all  sub-groups  of  the  linear  group 


(1) 


K»- 


aX  +  fi 


'^wherc  a,  0,  y,  d  arc  integers  and  a!f—^Y  =  \\  determine  for  each 
such  group  associate  modular  functions  and  investigate  their  rela- 
tion to  one  another  and  es]>ecially  to  J.  Important  features  in  this 
theory  arc  the  congruence  groups  of  (1);  the  fimdamental  polygon 
belonging  to  a  given  sub-group,  and  its  u.<)e  as  substitute  for  a  Ric- 
mann  surface;  the  principle  of  reilcction  over  a  circle,  the  modular 
forms. 

The  theory  of  automorphic  functions  is  due  to  Klein  and  Poincar^. 
It  is  ft  generalisation  of  the  modular  functions;  the  coefBcients  in 
(1)  being  any  real  or  imaginary  numbers,  mth  non- vanishing  de- 
terminant, such  that  the  group  is  discontinuous.  Both  authors  have 
recourse  to  non-Euelidean  geometry  to  interpret  the  .<mbstilutionfl  (1). 
Their  manner  of  showing  the  existence  of  functions  belonging  to 
a  given  group  is  quite  different.  Poincar^  by  a  brilliant  stroke  of 
genius  actually  writes  down  their  arithmetic  expressions  in  terms 
of  his  celebrated  B  scries.  Klein  employs  the  cristence  methods  of 
Riemann.  The  relation  of  automorphic  functions  to  differential 
equations  is  studied  by  Poinear6  in  detail.  In  particular,  he  shows  that 
both  variables  of  a  linear  diffcn^ntial  equation  with  algebraic  coeffi- 
cients can  be  expressed  uniformly  by  their  means. 
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Differential  Equations 

Let  us  turn  now  to  another  great  &e]d  of  matbematieal  activity, 
the  theory  of  differential  equations.  The  introduction  of  the  theory 
of  functions  has  completely  revolutionized  this  subject.  At  the 
be^nning  of  the  nineteenth  century  many  important  results  bad 
indeed  been  established,  particularly  by  Euler  and  Lagrange;  but 
the  methods  employed  were  artificial,  and  broad  comprehensive 
principles  were  lacking.  By  various  devices  one  tried  to  express 
the  Botution  in  terms  uf  the  elementary  functions  and  quadratures 
—  a  vain  attempt;  for  as  we  know  now,  the  goal  they  strove  so 
laboriously  to  reach  was  in  general  unattainable. 

A  new  epoch  began  with  Cauchy,  who  by  means  of  lua  new  theory 
of  functions  first  rigorously  established  the  existence  of  the  solution 
of  certain  classes  of  equations  in  the  vicinity  of  regular  points.  He 
also  showed  that  many  of  the  properlies  of  the  elliptic  functions 
might  be  deduced  directly  from  their  differential  e(|uation8.  Ej* 
long,  the  problem  of  integrating  a  differential  equation  changed 
its  base.  Instead  of  seeking  to  express  its  solution  in  terms  of  the 
elementary  functions  and  quadratures,  one  asked  what  is  the  nature 
of  the  functions  defined  by  a  given  equation.  To  answer  this  ques- 
tion we  must  first  know  what  are  the  singular  points  of  the  integral 
function  and  how  docs  it  behave  in  their  vicinity.  The  number  of 
memoi»  on  this  fundamental  and  often  difficult  question  is  enormous; 
but  this  is  not  strange  if  we  consider  the  great  variety  of  interesting 
and  iuifKirlant  classes  of  equations  which  have  to  be  studied. 

One  of  the  first  to  open  up  this  new  path  was  Fuchs,  whose  classic 
memoirs  (1S6C-68)  gave  the  theory  of  linear  differential  equations 
its  birth.  These  equations  enjoy  a  property  which  renders  them 
particularly  accessible,  namely,  the  absence  of  movable  singular 
points.  They  may,  however,  possess  points  of  indelermination,  to 
use  Fuchs's  terminology,  and  little  progress  has  been  made  in  this 
case.  Noteworthy  in  this  connection  is  the  introduction  by  t.  Koch 
of  infinite  determinants,  first  considered  by  our  distinguished  coun- 
tryman Hill;  also  the  use  of  divergent  series  —  that  invention  of 
the  Devil,  as  Abel  called  them  —  by  Poincar*.  A  particular  cIam 
of  linear  differential  equations  of  great  importance  is  the  hj-pcr^ 
geometric  equation;  the  results  obtained  by  Gauss,  Kummer, 
Riomann,  and  Bchwarz  relating  to  this  equation  have  had  the  great- 
est influence  on  the  development  of  the  general  fheory.  The  vast 
extent  and  Importance  of  the  theory  of  linear  differential  equations 
may  be  estimated  when  we  recall  tiiat  within  ila  borders  it  embrsoea 
not  only  almost  all  the  elementary  functions,  but  also  the  nxxlular 
and  automorphic  fimctions. 

Too  important  to  pass  over  In  silence  is  the  subject  of  algebraic 
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differcDtial  equations  with  unifonn  solutions.  The  brilliant  researches 

l^of  Pointcv^  deserve  especial  mentiDii. 

|B  Another  fidd  of  great  importaoce,  especially  in  mathematical 
physics,  relates  to  the  determination  of  the  solution  of  diCferential 
equations  with  assigned  boundary  conditions.  The  literature  of  this 
subject  is  enormous;  we  may  therefore  be  pardoned  if  mcQlion  is 
made  only  of  the  investigation  of  our  countr>'men  BOcher.  Van 

■  Vlcck,  and  Porter. 
Since  1S70  the  theory  of  differential  equations  has  been  greatly 
advanced  by  Lie's  theory  of  groups.  Assuming  that  an  equation  or  a 
system  of  equations  admits  one  or  more  infinitesimal  transformations. 
Lie  has  shown  how  they  may  be  employed  to  simplify  the  problem 
of  int^ration.  In  many  cases  they  give  us  exact  information  how 
to  conduct  the  solution  and  upon  what  system  of  auxiliary  equations 
the  solution  depends.    One  of  the  most  striking  illustrations  of  this 

*is  the  theory  of  ordinary-  linear  differential  equations  which  Picard 
and  Veasiot  have  developed,  analogous  to  Galois's  theory  for  algebraic 
equations.  An  interesting  result  of  this  theory  is  a  criterion  for  the 
solution  of  stich  equations  by  quadratures.  As  an  application,  we 
find  that  Ricatti's  equation  cannot  be  solved  by  quadratures.  The 
attempts  t«  effect  such  a  solution  of  this  celebrated  equation  in  the 
century  before  were  therefore  necessarily  in  vain. 

A  characteristic  feature  of  Lie's  theories  is  the  prominence  given 

to  the  geometrical  aspects  of  the  questions  involved.    Lie  thinks  tn 

geometrical  images,  the  analytical  formulation  comes  afterwards. 

Already  Morge  had  shown  how  much  might  bo  gained  in  geometrizing 

I       the  problem  of  integration.   Lie  has  gone  much  farther  in  thi:^  dtrec- 

Ition.  Besides  employing  alt  the  geometrical  notions  of  his  predeces- 
sors extended  to  n-way  space,  he  has  introduced  a  variety  of  new 
conceptions,  chief  of  which  arc  his  surface  element  and  contact 
transformations. 
He  has  also  used  with  great  effect  Plucker's  line  geometrj-,  and  his 
ownspheregeometryinthestudyof  certain  types  of  partial  differential 
equations  of  the  first  and  second  orders  which  are  of  great  geometrical 
interest,  for  example,  equations  whose  characteristic  curves  are  lines 
'  of  curvature,  geodesies,  etc.  I-et  us  close  by  remarking  that  Lie's 
theories  not  only  afford  new  and  valuable  points  of  view  for  attack- 
inK  old  problems,  but  also  give  rise  to  a  host  of  new  ones  of  great 
interest  and  Importance. 

Group* 

We  turn  now  to  the  second  dominant  idea  of  the  century,  the 
group  concept. 

Groups  first  became  objects  of  study  in  algebra  when  Lagrange 
(1770),  RufEni  (1799),  and  Abel  (182&)  employed  substitution  groups 
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with  great  advantage  m  their  work  on  the  quintic.  The  enormous 
importance  of  groups  in  algebra  was.  however,  first  made  clear  by 
Galois,  whose  theory  of  the  solution  of  algebraic  equations  is  one 
of  the  great  achievements  of  the  century.  Its  ioiluencc  has  stretched 
far  beyond  the  narrow  bounds  of  algebra. 

With  an  arbitrary  but  fixed  domain  of  rationality,  Galois  obaerved 
that  every  algebraic  equation  has  attached  to  it  a  certain  group  of 
substitutions.  The  nature  of  the  auxiliary  equations  required  to 
solve  the  given  equation  is  coiapletoly  revealed  by  an  inspection  of 
this  group. 

GaloLs's  theory  showed  the  importance  of  determining  the  sub- 
groups of  a  given  substitution  group,  and  this  problem  was  studied 
by  Cauchy,  Serret,  Matthieu,  Kirkmann,  and  others.  The  publica- 
tion of  Jordan's  great  treatise  in  1870  is  a  noteworthy  event.  It 
collects  and  unifies  the  results  of  his  predecessors  and  contains  an 
immense  amount  of  new  matter. 

A  new  direction  was  given  to  the  theory  of  groups  by  the  introduc- 
tion by  Cayley  of  abstract  groups  (1864,  1878).  The  work  of  Sylow, 
Holder  and  Frobeoius,  Bumside  and  Miller,  deserve  especial  notice. 

Another  line  of  research  relates  to  the  determination  of  the  finite 
groups  in  the  linear  group  of  any  number  of  variables.  These  groups 
are  important  in  the  theory  of  linear  differential  equations  with 
algebraic  solutions,  in  the  study  of  certain  geometrical  problems 
as  the  points  of  inflection  of  a  cubic,  the  twenty-scveD  lines  on  a 
surface  of  the  third  order,  in  crystallography,  etc.  They  also  enter 
prominently  into  Klein's  For  men -problem.  An  especially  Important 
class  of  finite  linear  groups  are  the  congruence  groups  first  considered 
by  Galois.  Among  the  laborers  in  the  field  of  linear  groups,  we  note 
Jordan,  Klein,  Moore,  Maschke,  Dickson,  Frobenius,  and  Wlman. 

Up  to  the  present  we  have  coasidered  only  groups  of  finite  order- 
About  1870  entirely  new  ideas  coming  from  geometry  and  differential 
equations  give  the  theory  of  groups  an  unexpected  development. 
Foremost  in  this  field  are  Lie  and  Klein. 

Ue  discovers  and  gradually  perfects  his  theory  of  continuou.t 
transformation  groups  and  shows  their  relations  to  many  different 
branches  of  mathematics.  In  1872  Klein  publishes  his  Erhxnger 
Programme  and  in  1877  begitu  his  investigations  on  elliptic  modular 
functions,  in  which  infinite  diaeontinuotta  groups  arc  of  primar>'  im- 
portance, as  we  have  already  seen.  In  the  now  famous  rrngrammt, 
Klein  asks  what  is  the  principle  which  underlies  and  unifies  the 
heterogeneous  geometrical  methods  then  in  rogue,  as,  for  example, 
the  geometry  of  the  ancients,  whoso  figures  are  rigid  and  invariaht«; 
the  modem  projective  geometry,  whose  figures  arc  In  c^aaden 
flux  passing  from  one  form  to  another;  the  geomctricfl  nf  Hiielcer 
and  Lie,  in  which  the  elements  of  space  arc  no  longer  pointa,  but  line 
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sphRiTS,  ornlhcr  cnnfigurationaat  plcasuro,  the  g(v>mctry  of  biratfnnai 
tratuformation,  the  analysis  situs,  etc.,  etc.  Klein  findH  thin  answer: 
In  each  geometry  we  have  a  system  of  object*  and  a  gnmp  which 
transfoniia  these  objocta  one  into  another.  We  Bc«k  the  invariants 
of  t.hia  group.  In  each  cose  it  ts  the  abstract  group  and  not  the  con- 
crete objecta  which  is  easentiaL  The  fundamental  rcllo  of  a  group  in 
geometrical  research  is  thus  nutde  obvious.  Ita  importance  \n  the 
solution  of  algebraic  equation,  in  the  theory  of  differential  equationfi 
in  the  autornorphic  functions  wc  ha\-e  already  seen.  The  immense 
theory  of  algebraic  invariants  developed  by  Cayley  and  Sylvester, 
.\ronhold.  Clebsoh,  Gordan,  Hermitc,  BrioschI,  and  a  host  of  zealous 
workere  in  the  middlo  of  the  cwitury,  also  finds  its  place  in  the  far 
more  general  invariant  theorj*  of  Lie's  theory  of  groups.  The  same  is 
true  of  the  theory  of  eurfaeee,  bo  far  as  it  rests  on  the  theorj  of  differ^ 
cDtial  forms.  In  the  theory  of  nuinbr-ra,  groups  have  many  important 
applications,  for  example,  in  the  composition  of  quadratic  forms  and 
the  cyelotomic  bodies.  Finally,  let  us  note  the  relation  between  liyper- 
complex  numbers  and  continuous  groups  discovered  by  Poincarf^. 

In  r^suin^,  we  may  thus  say  that  the  group  concept,  hardly  not- 
iceable at  the  beginning  of  the  century,  has  at  it^  close  become  one 
of  the  fundamental  and  most  fruitful  notions  in  the  whole  range  uf 
GUT  science. 

Infinite  AggregaUx 

Leflving  the  subject  of  groups,  we  consider  now  briefly  another 
ftrndamentnl  concept,  namely,  infinite  aggregates.  In  the  most 
diverge  malhemAtical  investigations  we  are  confronted  with  such 
aggregates.  In  geometry  the  conceptions  of  curves,  surface,  region, 
frontier,  et«.,  when  examined  carefully,  lead  us  to  a  rich  variety  of 

^Aggregates.     In  analynis  ihey  also  appear,  for  example,  the  domain 
of  definition  nf  an  annlytie  function,  the  pt>intfl  where  a  fimetion  of 

:  a  real  variabln  censi«  to  lie  cnntinunus  or  tu  have  a  riifferpntial  coeffi- 

[ctent,  the  points  where  a  series  of  functions  ceases  tn  be  uniformly 

[convergent,  etc. 

To  say  an  aggregate  (not  nocewnrily  a  point  ftggrrgnte>  in  infinite 

iis  ofti>n  an  important  step;  but  often  again  only  the  fli^t  <itep.  To 
penetrate  farther  into  the  problem  may  require  us  to  state  how 
infinite.  This  requires  us  to  make  distinctions  in  infinite  aggregates, 
to  discover  fruitful  principlca  of  clasaificatitm,  and  to  in\'¥etigate  the 
properties  of  such  claaseB. 

The  honor  of  having  done  this  belongs  to  Oeorge  Cantor.  The 
theory  of  aggregates  ia  for  the  most  part  his  creation,  it  has  en- 
riched mathematical  ncience  with  fundamental  and  far-reaching 
.notions  and  results. 

Tho  theory  falls  into  two  parte;  a  theory  of  aggregates  tn  general, 
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and  a  theory  of  point  aggrcgati^.  In  the  theory  of  point  aggregates 
the  notion  of  limiting  points  ^ves  rise  to  important  classes  of  aggre- 
gates as  discrete,  dense,  everywhere  dense,  complete,  perfect,  con* 
nccted,  ete.,  which  are  bo  important  in  the  function  theory. 

In  the  general  theoi'y  two  notions  arc  especially  important, 
namely,  the  one  to  one  correspondence  of  the  elements  of  two  &g- 
gregatea,  and  well-ordered  aggregates.  The  first  leads  to  eardinal 
numbers  and  the  idea  of  enumerable  aggregates,  the  second  to  trans- 
finite  or  ordinal  numbers. 

Two  striking  results  of  Cantor's  theory  are  these:  the  algebraic 
and  therefore  the  rational  numbers,  although  everywhere  dense,  are 
enumerable;  and  secondly,  one-way  and  n-way  apace  have  the 
same  cardinal  number. 

Cantor's  theory  has  already  found  many  applications,  especially 
in  the  function  theory,  where  it  is  to-day  an  indispensable  instrument 
of  research. 

Funetions  o/  Reai  Vmiableg  —  The  Critical  Movement 

One  of  the  moat  conspicuous  and  distinctive  features  of  niathts" 
matical  thought  in  the  nineteenth  century  is  its  critical  spirit.  Be- 
ginning ^^'ith  the  calculus,  it  soon  permeates  all  analysis,  and  toward 
the  close  of  the  century  it  overhauls  and  reca^its  the  foundation  of 
geometry  and  aspires  to  further  conquests  in  mechanics  and  in  the 
immense  domains  of  mathematical  physics. 

"Ushered  in  with  Lagrange  and  Gauss  just  at  the  close  of  the 
eighteenth  century,  the  critical  movement  receives  its  first  decisive 
impulse  from  the  teachings  of  Cauchy,  who  in  particular  introduen 
our  modem  definition  of  limit  and  makes  it  the  foundation  of  the 
calculus.  We  must  also  mention  in  this  connection  Abel,  Bolxano, 
and  Dirichlet.  Especially  Abel  adopted  the  reform  ideas  of  Caochy 
with  enthusiasm,  and  made  important  contributions  in  infinite  series. 

The  figure,  however,  which  towers  above  all  others  ill  this  move- 
ment, whose  name  has  become  an  epithet  of  rigor,  is  Weieretnus. 
Beginning  at  the  very  foundations,  he  creatrcs  an  arithmetic  of  real 
and  complex  numbers,  assuming  the  theory  of  positive  integers  to  be 
given.  The  necesBity  of  this  is  manifest  when  we  recall  that  until 
then  the  simplest  properties  of  radicals  and  logarithms  were  ntterly 
devoid  of  a  rigorous  foundation;  ao,  for  example, 

■v/SVi-VlO  logfi+log  6-log  10 

Characteristic  of  the  pre-WeientnaBMn  era  is  the  loose  way  in 
which  geometrical  and  other  intuitional  Ideas  were  employed  la 
the  demonstration  of  analytical  theorems.  Even  Gauss  is  open  to 
this  criticism.  The  mathematical  world  received  a  great  shock 
when  Weieistran  showed  them  on  example  of  a  coniinuoua  function 
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without  a  dcTtvativc,  and  Hankel  aod  Cantor,  by  means  of  ihoir 
principle  of  condensation  of  siugularitics,  could  construct  analytic 
expressions  for  functions  having  in  any  interval  however  small  an 
infinity  of  points  of  oscillation,  an  infinity  of  points  in  which  the 
differential  coefficient  is  altogether  indeterminate,  or  an  infinity  of 
points  of  discontinuity.  Another  rude  surprise  woa  Cantor's  dis- 
covery of  the  one  to  one  correspondence  between  the  points  of  a 
unit  sf^nient  and  a  unit  square,  followed  up  by  Fcano's  fixomple 
of  a  spaco-filling  curve. 

These  examples  and  many  others  made  it  very  clear  tliat  the 
ideas  of  a  curve,  a  surface  region,  motion,  etc.,  instead  of  being  clear 
and  ample,  were  extremely  vague  and  complex.  Until  these  notions 
had  been  cleared  up,  their  admission  in  the  demonstration  of  an 
analytical  theorem  was  therefore  not  to  be  tolerated.  On  a  purely 
arithmetical  basis,  with  no  appeal  to  our  intuition,  Weierstrasa 
develops  his  stately  theory  of  functions  which  culminates  in  the 
theory  of  Abehan  and  multiply  periodic  functions. 

But  the  notion  of  rigor  is  relative  and  depends  on  what  wc  are 
willing  to  admit  either  tacitly  or  explicitly.  As  we  ob8er\'ed,  Gauss, 
whose  rigor  waa  the  admiration  of  his  contemporaries,  freely  ad- 
mitted geometrical  notions.  This  Weieratrass  would  criticise.  On 
the  other  hand,  Weierstrasa  has  made  a  grave  oversight:  he  no- 
where shows  that  his  definitions  relative  to  the  number  he  introduces 
do  not  involve  mutual  contradictions.  If  he  replied  that  such  con- 
tradictions would  involve  contradictions  in  the  theory  of  positive 
integers,  one  might  ask  what  a.^urance  have  we  that  such  cotitradic- 
tiona  may  not  actually  exist.  A  (inurwhing  young  school  of  mathe- 
matical logic  has  recently  grown  up  under  the  influence  of  Peano. 
They  have  investigated  with  marked  succeas  the  foundations  of 
analysis  and  geometry,  and  in  particular  have  attempted  to  show 
the  non-contradictoriness  of  the  axioms  of  our  numbei^sj-stcm  by 
making  them  depend  on  the  axioms  of  logic,  which  axioms  we  must 
admit,  to  reason  at  all. 

The  critical  spirit,  which  in  the  first  half  of  the  century  was  to 
be  found  in  the  writings  of  only  a  few  of  the  foremost  mathematicians, 
has  in  the  last  quarter  of  the  centur>'  become  almost  universal,  at 
least  in  analysis.  A  searching  examination  of  the  foundation  of 
arithmetic  and  the  calculus  has  brought  to  tight  the  insufficiency  of 
much  of  the  reasoning  formerly  considered  aa  conclusive.  It  became 
neceaaary  to  build  up  these  subjects  anew.  The  theory  of  irrational 
numbers  invented  by  Wcierstraas  has  been  supplanted  by  the  more 
flexible  theories  of  Dcdekmd  and  Cantor.  Stole  has  given  ua  a  sys- 
tematic and  rigorous  treatment  of  arithmetic.  The  calculus  has 
been  completely  overhauled  and  arithmctixcd  by  Thomae,  Harnaek, 
Peano,  Stolz,  Jordan,  and  Vallt^e-Fousan. 
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Lcav'mi;  (he  calculus,  let  us  notice  briefly  the  theory  of  hinctiona 
of  real  variables.  The  line  of  demarcation  between  these  two  gul>- 
jecta  is  extremely  arbitrary.  We  mij^lil  properly  place  in  the  latter 
all  tliose  finer  and  deeper  questions  relating  to  the  mimber-system; 
the  study  of  our  cun*c,  surface,  and  other  geometrical  notions,  the 
peculiarities  that  functions  present  with  reference  to  discontinuity, 
oflcination,  diflferenliation,  and  integration;  as  well  as  a  very  exten- 
sive class  of  investigations  whose  object  is  the  greatest  possible 
extension  of  the  processes,  concepts,  and  results  of  the  calculus. 
Among  the  many  not  yet  mentioned  who  have  made  important 
contributions  to  this  subject  we  note:  Fourier,  Rieniann,  Stokes, 
Dini,  Tannery,  Pringsheim,  Arr^ft,  Osgood,  Broden,  AseoH,  Borel, 
Raire,  Kopke,  Holder,  Vollerra,  and  Lebesgue. 

Closely  related  with  the  differential  calctdus  is  the  calculus  of 
variations:  in  the  former  the  variables  are  given  infinitesimal  varia- 
tions, in  the  latter  the  functions.  Developed  in  a  purely  formal 
manner  by  Jacobi,  Hamilton,  Clebsch,  and  others  in  the  first  part 
of  the  century,  a  new  epoch  began  with  Weierstrasa,  who,  hft\-ing 
ftuhjected  the  labnra  of  hin  predecemors  to  an  annihilating  criticism, 
placed  the  theory  on  a  new  and  secure  foundation  and  so  opened  the 
path  for  further  research  by  Schwarz,  A.  Mayer,  Scheffere,  v.  Esehc- 
rieh,  Kneser,  Osgood,  Bolita.  Kobb,  Zermdo,  and  others.  At  the 
very  close  of  the  century  Hilbert  has  given  (he  theory  a  fresh  im- 
pulse by  the  introduction  of  new  and  powerful  methods,  which 
enable  us  in  certain  cases  to  neglect  the  second  variation  and  sim- 
plifies the  consideration  of  the  first.  As  application  he  gives  the 
first  direct  and  yet  simple  demonstration  of  Dirichlct's  celebrated 
Principle. 

Thfory  of  Sumbert  —  Algebraic  Bodia 

The  theory  of  uumbens  a*  left  by  Femiat,  Euler,  and  l-egendr* 
was  for  the  most  part  concerned  with  the  solution  of  Diophautine 
equations,  that  'a,  given  an  equation  /(i,  y,  ir,  .  .  .  )  —0  whose 
eoefhrientft  are  integers,  find  all  rational,  and  especially  all  integral 
uriutions.  In  this  problem  Lagrange  had  shown  the  importance 
at  considering  the  theoty  of  forma.  A  new  era  begins  with  the  ap- 
pearance of  Gauss's  I>i»qumtion^9  arithmetieae  in  ISOl.  This 
work  is  remarkable  for  three  things:  (1)  The  notion  of  divisibility 
in  the  form  of  eongnienoes  is  shown  to  be  an  instrument  of  wonder- 
ful power;  (2)  the  Diophantine  problem  is  thrown  in  the 
ground  and  the  theory  of  forms  is  given  a  dominant  r61e;  (3) 
introduction  of  algebraic  numbers,  namely,  the  roota  of  unity. 

The  theory  of  forms  has  been  further  developed  along  the  lini 
of  the  Duqui*Uiotu$  by  Dirichlet,  Elsenatein,  Hermits.  H.  Smith  ai 
Minkowski. 
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Anochcr  part  of  the  theor}'  of  niimbfrs  also  goes  back  to  Gau8«. 
namely,  alj^^broic  numerical  bodies.  The  Law  of  Reciprocity  of 
Quadratic  Hrsidues,  one  of  the  gems  of  the  higher  arithmetic,  v/m 
firet  rigorously  pTOve<l  by  Causa.  His  attempts  to  extend  this 
theorem  to  cubic  and  biquadratic  residues  showed  that  the  elegant 
simplicity  which  prevailed  in  quadratic  residues  was  altogether 
missing  in  these  higher  residues,  until  one  pasjwd  from  the  domain 
of  real  integers  to  the  domain  formed  of  the  third  and  fourth  roots  of 
unity.  In  thcflc  donmin.'i,  as  Gaut;D  remarked,  algcbrain  integers  have 
cesentiolly  the  Bame  properties  us  orfHnark*  integers.  Further  explor- 
ation in  this  new  and  promising  field  by  Jocobi,  Eisenatein,  and 
othcro  Boon  brought  to  tight  the  fact  that  already  in  the  doniaia 
fnrmiHi  of  the  twcntj'-tliird  roots  of  unity  the  laws  of  divisibility  were 
altogether  different  from  thoee  of  ordinary  intogere;  in  particular, 
a  number  could  be  expressed  aa  the  product  of  prime  factors  in  more 
than  one  way.  Further  progress  in  this  direction  waii  therefore 
apparently  impossdble. 

It  is  Kummcr'a  immortal  achievement  to  moke  further  progresB 
L^pOBsible  by  the  invention  of  hia  ideals.    These  he  applied  to  Format's 
celebrated  Last  Theorem  and  the  Law  of  Reciprocity  of  Higher 
Reeidues. 

The  next  step  in  this  direction  was  taken  by  Dedekind  and  Kn>- 
QOeeker,  who  developed  the  ideal  theory  for  any  algebraic  domain, 
arose  the  theory  of  algebraic  numerical  bodies,  which  has  come 
into  such  prominence  in  the  last  decades  of  the  century  through 
the  researches  of  Hensel,  Hunvitz,  Minkowski,  Weber,  and,  above 
all.  HJlbert. 

Kronecker  has  gone  farther,  and  in  his  classic  Grundtttgr  he  hai) 
8ho^%'n  that  similar  ideas  and  methods  enable  lis  to  develop  a  theory 
of  algebraic  bodies  in  any  number  of  variables.  The  notion  of  divis- 
ibility so  important  in  the  preceiling  theories  is  generaliaed  by  Kro- 
necker still  farther  in  the  shape  of  his  system  of  moduli. 

Another  noteworthy  field  of  reaearch  o[iened  up  by  Kronecker  ia 
the  relation  between  quadratic  forms  with  negative  dctormlnanb 
and  complex  multiplication  of  elliptic  functions.  H.  Smith,  (jicmtor. 
Hurwitz,  and  especially  Welier  have  made  important  contributions. 

A  method  of  great  power  in  certain  inveHtigations  has  been  created 
by  Minkowski,  which  he  called  the  Geometrie  der  Zahicn.  Introduc- 
ing a  gene  rail  illation  of  the  distance  function,  he  ie  UhI  to  the  concep- 
tion of  a  fundamental  body  (Aichkt'irper).  Minkowski  shows  that 
ever}'  fundamental  body  is  nowhcrn  concave,  and  conversely  to 
each  such  body  belongs  a  distance  function.  A  theorem  of  great 
importuncc  is  now  the  following:  The  minimum  value  which  each 
distance  function  has  at  the  lattice  points  ia  nut  greater  than  a  certain 
number  depending  on  the  function  chosen. 
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Wo  wuh  finally  to  mention  a  line  of  invcattgalion  which  makes 
use  of  the  infinitesimal  calculus  and  ttvcn  the  theory  of  functions. 
Here  belong  the  brilliant  researches  of  Dirichlct  relating  to  the  Dum- 
ber of  classes  of  binary  forms  for  a  given  determinant,  the  number 
of  primes  in  a  ^ven  arithmetic  progression;  and  Ricmann's  remark- 
able memoir  on  the  number  of  primes  in  a  ^ven  interval. 

In  this  analytical  side  of  the  theory  of  numbers  we  notice  also  the 
researches  of  Mertcns.  Weber,  and  Hadamard. 

Projective  Oeometry 

The  tcndonci(tg  of  the  eighteenth  century  were  predominant]}* 
analytical.  Mathematicians  were  absorbed  for  the  most  part  in 
developing  the  wonderful  instrument  of  the  calculus  with  its  countless 
applications.  Geometry  made  relatively  little  progress.  A  new  era 
begins  with  Monge.  His  numerous  and  valuable  contributions  to 
analytical  descriptive  and  differential  geometry',  and  especially  his 
brilliant  and  inspiring  lectures  at  the  Ecole  Polytechnique  (1795, 
1800),  put  fresh  life  into  geometry  and  prepared  it  for  a  new  and 
glorious  development  in  the  nineteenth  century. 

When  one  passes  in  review  the  great  oehicvements  which  have 
made  the  nineteenth  century  memorable  in  the  annals  of  our  science, 
certainly  projective  geometry  will  occupy  a  foremost  place.  Pascal, 
De  la  Hire,  Munge,  and  Camot  are  forerunners,  but  Poncelet,  a  pupil 
of  Monge,  is  its  real  creator.  The  appearance  of  his  TraiU  des  pro- 
firiitii  projectivet  des  figures,  in  1822,  gives  modem  geometry  its 
birth.  In  it  we  find  the  line  at  infinity,  the  introduction  of  imagin- 
arios,  the  circular  points  at  infinity,  polar  reciprocation,  a  discus- 
sion of  homology,  the  systematic  use  of  projection,  section,  and 
anharmunic  ratio. 

While  the  countrymen  of  Poncelet,  especially  Chaalee,  do  not  fail 
to  make  numerous  and  valuable  contributions  to  the  new  gtximetry, 
the  next  great  titcpa  in  advance  are  made  on  Gorman  soil.  In  IS27 
Mfibius  publishes  the  Baryeentriache  Caieul;  PlUcker's  AruityHsek- 
geometritiche  EnUrickelungen  appears  in  182S-31  and  Steiner's  KtU- 
wickelun^  der  Abhiintflgkeit  geometriseher  OeaUiIten  vim  einander  In 
1832.  In  the  ten  years  which  embrace  the  publication  of  these 
immortal  works  of  Poncelet.  Pliickcr,  and  Steincr.  geometry  has 
made  more  real  progress  than  in  the  two  thousand  years  which  had 
elapsod  since  the  time  of  Appolonius.  The  ideas  which  had  l>em 
slowly  taking  shniie  since  the  time  of  Descartes  suddenly  eryslalliscd 
and  almost  overwhrlmod  geometry  with  an  abundance  of  new  Ideas 
and  principles. 

To  Mobius  we  owe  the  introduction  of  linmogencoHS  eoi^nli nates, 
and  the  far-reaching  coDceptiotn  of  geometric  fcransfonnation.  includ- 
ing volUuealinn  ami  duality  as  special  cases.  To  I^Ockur  we  owe  the 
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use  of  the  abbreviate  notation  which  permits  lu  to  study  the  proper- 
ties of  geometric  figures  without  the  intervention  of  the  cooixiinatee, 
the  introduction  of  line  and  plaue  codtdiDat^s,  and  the  notion  of 
generaUzcd  space  elements.  Steiner,  who  has  been  called  the  greatest 
geometer  since  Appoloniua.  besides  enriching  geometry  in  oouiitleos 
waySp  was  the  first  to  employ  systematically  the  method  of  generating 
geomothcai  figures  by  means  of  projective  pencils. 

Other  noteworthy  works  belonging  to  thic  period  arc  I'lucker's 
System  der  anaiylUdien  Gcomttric  ( 1S35) ,  and  Cliustes's  clasHic  ^t  percu 
(1S37). 

Already  at  this  stage  we  notice  a  bifurcation  in  geometrical 
methods.  Steiner  and  Chasles  become  eloquent,  champions  of  the 
synthetic  school  of  geometry,  while  llucker,  and  later  Hesse  and 
Cayley,  are  leaders  in  the  analytical  movement.  The  astonishing 
fruitfulaess  and  beauty  of  synthetic  methods  (lireaU-ned  for  a  short 
time  to  drive  the  analytic  school  out  of  existence.  The  tendency 
of  the  synthetic  school  was  to  banish  more  and  more  metrical  methods. 
In  effecting  this  the  anharmonic  ratio  became  constantly  more  promi- 
nent. To  de6ne  this  fundamental  ratio  vi-ithout  reference  tu  measure- 
ment, and  so  free  projective  geometry  from  the  galling  bondage 
of  metric  relations,  was  thus  a  pi-oblem  of  fundamental  importance. 
The  ^ory  of  this  achievement,  which  has.  as  we  shall  sec.  a  far 
wider  sifmificance,  belongs  to  v.  Staudt.  Another  equally  important 
contribution  of  v.  Staudt  to  synthetic  georoetr>'  is  his  theory  of 
imaginaries.  Poncelet,  Steiner,  Chasles  operate  «-ith  imaginary 
element*  as  if  they  were  real.  Their  only  justification  is  recourse  to 
the  so-called  principles  of  continuity  or  to  some  other  equally  vague 
principle.  V.  StAiidt  Rives  this  theory  a  rigorous  foundation,  defining 
the  inifl^nnry  points,  tines,  and  planee  by  means  of  involutions 
without  ordinal  clements- 

Thc  next  great  advance  made  Is  the  advent  of  the  theory  of  alge- 
braic invarianL-j.  Since  projective  geometry  is  the  study  of  those 
properties  of  geometric  figures  which  remain  unaltered  by  projective 
transformations,  and  since  the  theory  of  invarianU  is  the  study  of 
those  forms  which  remain  unaltered  (except  possibly  for  a  numerical 
factor)  by  the  group  of  linear  substitutions,  these  two  subjecta  are 
inseparably  related  and  in  many  respects  only  different  aspect^  of  the 
same  thing.  It  is  no  wonder,  then,  that  geometers  speedily  applied 
the  new  thoor)*  of  invariants  to  geometrical  problenis.  Among  the 
pioneers  in  this  direction  were  Cayley,  Salmon,  Aronhold,  Hcasc, 
and  especially  Clebsch. 

Finally  wc  must  mention  the  Introduction  of  the  line  as  a  space 
element.  Forerunners  are  Gra.«»mann  (1844)  and  Cayley  (1859),  but 
Plucker  in  his  memoirs  of  186.^,  and  his  work  Neue  Oeomrtrie  dea 
ftaumes  (1868-69),  was  the  first  to  show  ita  great  value  by  studying 
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complexes  of  the  first  and  second  order  and  catlini;  attention    to 
their  applicntion  to  mechanics  and  optics. 

The  most  important  advance  over  Plucker  hae  been  made  by 
Klein,  n'ho  takes  as  coordinates  six-line  complexes  in  involution. 
Klein  also  observed  that  line  geometry  may  be  regarded  as  a  point 
geometry  on  a  quadric  in  five-way  space.  Other  laborers  in  this 
field  arc  Clebsch,  Reye,  Segre,  Sturm,  and  Konigs. 

Differential  Geometry 

During  the  first  quarter  of  the  century  this  important  branch  of 
geoiaetr>'  waa  cultivated  chiefly  by  the  French.  Munge  and  his 
Bohool  Study  with  great  success  the  generation  of  surfaces  in  vari- 
ous ways,  the  properties  of  envelopes,  evolutcs,  lines  of  curvature, 
asymptotic  lines,  skew  curves,  orthogonal  8yst«m£,and  especially  the 
relation  between  thesurfacc  theory  and  partial  ditTerontial  et|uattoiiti. 

The  appearance  of  Gauss's  Dia^isiiioncs  generales  circa  tujier- 
ficies  curvas,  in  1828,  marks  a  new  epoch.  Its  weuItU  of  acvf  ideas 
has  furnished  iiutcrial  for  countless  memoirs,  and  given  gct>metry 
a  new  direction.  We  And  here  the  parametric  represeutatioa  of  a 
surface,  the  introduction  of  curvilinear  cooniinates.  the  notion  of 
tsphcrical  image,  the  Gaussian  measure  of  curxature,  and  a  study  of 
geodesies.  Uut  by  far  the  most  important  contributions  that  Gauss 
makes  in  this  work  is  (he  consideration  of  a  surface  as  a  flexible, 
inextensible  lihn  or  membrane,  and  the  importance  gtvpu  quadratic 
differential  forms. 

Weconi<i<ler  nowsome  of  the  Hmsi along  which  differential  geometry 
haa  advanced.  The  most  important  is  perhsiM  the  theory  of  differen- 
tial quadratic  forms  with  their  associate  invariants  and  parameters. 
We  mention  here  LamS,  Beltrami,  Mcnurdi,  C'odazzJ,  Cbristoffel, 
and  Weingarten. 

An  especially  beautiful  application  of  this  theory  is  the  immouse 
bubject  of  applicability  and  deformation  of  surfaces,  in  which  Mind- 
ing, Bauer,  Beltrami,  Wcingarten,  and  Yoes  have  made  importonl 
contributions. 

Intimately  related  with  the  theory  of  applicabiUty  of  two  surfaces 
is  the  theory  of  surfaces  of  constant  cur\-ature  whirh  play  so  import- 
ant n  part  in  non-Euclidean  geometry.  We  mention  here  the  wortt 
of  Minding,  Beltrami,  Dini,  Hacklund,  and  Lie. 

The  theory  of  rectilinear  congruences  has  aUn  been  the  subject 
of  important  researches  from  the  standpoint  of  differential  geometr}'. 
First  studied  by  Monge  as  a  syst^^ni  of  normals  to  fl  surface  and  then 
in  connection  u'ith  optics  by  Malua,  Dupin,  and  Hamilton,  the  gen- 
eral theory  has  since  been  developed  by  Kummcr,  Rihaaeour, 
Guichard,  Darboux,  Voss.  and  Wcingarten.  An  important  nppltr^ 
tion  of  this  theory  if)  the  infinitesimal  deformation  uf  a  surface. 
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Mioimuoi  sitrfaces  have  been  studied  by  Monge,  Boonet,  and 
Enaeper.  llie  subject  ones  its  present  extensive  development  priji- 
cipally  Iv  Weivrstraeii,  Hieiiiann,  Scliwarz,  and  Lie.  in  it  we  find 
harinoniously  united  the  theory  of  surfaces,  the  theory  of  funationa, 
the  calculus  of  variatioiut,  the  theory  of  groups,  and  mathematical 
physics. 

Another  extensive  division  of  differential  geometry  is  the  theory  of 
orthogonal  systems,  of  such  importance  in  physics.  We  note  espo- 
eially  the  invefiiigatious  of  Dupin,  Jacobi,  Darbouit,  Combesoure, 
and  Bianchi. 

Other  Branches  oj  Geometry 

Under  chifl  head  «e  group  a  number  of  subjects  too  important 
to  pass  ovpr  in  silence,  yet  which  cannot  be  considered  at  length  for 
lack  of  time. 

Id  the  first  place  is  the  immense  subject  of  algebraic  curves  and 
surfaces.  To  develop  adenuately  all  the  important  and  elegant 
properties  of  cur\cs  and  surfaces  of  the  second  order  alone  would 
require  a  bulky  volume.  In  this  line  of  ideas  would  follow  curx'es 
Bud  surfaces  of  higher  order  and  class.  Their  theory  is  far  less 
complete,  but  this  lack  it  amply  makes  good  by  offering  an  almost 
bcu'ildcring  variety  of  configurations  to  cJa^fy  and  explore.  No 
single  geometer  has  contributed  more  to  this  subject  than  Cayley. 

A  theory  of  groat  importance  is  the  geometry  on  a  cxirve  or  sur- 
face inaugurated  by  Clebeich  in  IS63. 

Exprefteing  the  coordinates  of  a  plane  cubic  by  means  of  elliptic 
functions  and  employing  thrir  addition  theorems,  he  deduced  with 
hardly  any  calculation  Steincr's  theorem  relating  to  the  inscribed 
polygons  and  varioujj  ihcorenu:  eonccming  conies  touching  the  curve. 
Encouraged  by  such  successes,  Clebech  proposed  to  make  use  of 
Riemann's  thM)ry  of  Abolian  functions  iii  the  study  of  algebraic 
cur\*cs  of  any  order.  The  most  important  result  was  a  new  classifica- 
tion of  such  eunes.  Instead  of  the  linear  transformation.  Clobsch 
iu  harmony  with  Riemann's  ideas  employs  the  birntional  transforma- 
tion as  a  principle  of  classification.  From  this  standpoint  wc  ask 
what  are  the  properties  of  algebraic  curves  which  remain  invariant 
rforsurh  transformation. 

Brill  anil  Nother  follow  Clebsch.  Their  method  is,  however,  alge- 
braical, and  rests  on  their  celebrated  Re^dual  theorem  which  in 
their  hands  takes  the  place  of  Abel's  theorem.  We  menliun  further 
the  investigation  of  Caatelnuovo,  Weber,  Krause,  and  Segi-e.  An 
important  division  of  this  subject  is  thn  theory  of  cornwpondenoeA. 
First  studied  by  Chaflles  for  curves  of  defieieney  0  iu  1S64,  Cayley, 
[«nd,  immediali-ly  after.  Brill  extended  the  theor>'  to  the  eaae  of  any 
The  most  important  advance  made  in  later  yean  lias  been  made 
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by  Hunritz,  who  condidere  the  totality  of  possible  oorrespondencee 
on  an  algebraic  cun-e,  making  use  of  the  conesponding  int^grnU  of 
the  first  specicfi. 

Alongside  the  geometry  on  a  curve  U  the  vastly  more  diSicult  and 
complicated  geometry  on  a  surface,  or  more  generally,  on  any  al^braic 
spread  in  n-Tray  space.  Starting  from  a  remark  of  Oebsch  (1868). 
Nother  made  the  first  great  step  in  his  famous  memoir  of  18^- 
74.  Further  progress  has  been  due  to  llie  French  and  Italian  maChe- 
maticians.  Picard,  Poincar^,  and  Humbert  make  use  of  transceod- 
ental  methods,  in  which  figure  prominently  double  integrals  which 
remain  finite  on  the  surface  and  single  integrab  of  total  differentials. 
On  the  other  hand,  Enriqucs  and  Castelnuovo  have  attacked  the 
subject  from  a  more  algebraic-geometric  standpoint  by  means  of 
linear  systems  of  algebraic  cun-es  on  the  surface. 

The  first  invariants  of  a  surface  were  discovered  by  Clebsch  and 
N'other;  still  others  have  been  found  by  Castelnuovo  and  Enriques 
in  connection  with  irregular  surfaces. 

Lea^TDg  this  subject,  let  us  consider  briefly  the  geometry  of  n 
dimensions.  A  characteristic  of  ninetcenth-centur>*  mathcmatiod 
is  the  generality  of  its  methods  and  res\ilt-9.  When  ?uch  has  been 
imix>ssible  nith  the  elements  in  hand,  fresh  ones  have  been  invented ; 
witness  the  introduction  of  imaginary  numbers  in  algebra  and  the 
function  theory',  the  ideals  of  Kummer  in  the  theory  of  numbers, 
the  line  and  plane  at  infinitj-  in  projective  gcome»r>-.  The  benefit 
that  analysis  derived  from  geometry  was  too  great  not  to  tempt 
mathematicians  to  free  the  latter  from  the  narrow  limits  of  thrt^ 
dimensions,  and  ao  give  it  the  generality  that  the  former  has  long 
enjoyed.  The  first  pioneerin  thisabstract  field  wasOrassmann  (1844); 
we  must,  however,  conaider  Cayley  as  the  real  founder  of  n-dimer>» 
sinnal  geometry  (1869).  Notable  contributions  have  been  made  by 
the  Italian  school,  Veronese,  S^gre,  etc. 

Non-Euelidfan  Gc/mietra 

Each  century  lakes  over  aa  a  heritage  from  ita  predeccmor  a 
number  of  problems  whose  solution  previous  generations  of  mathe- 
matioiane  faa^e  arduously  but  vainly  nought.  It  ts  a  signal  achieve- 
ment of  the  nineteenth  century  to  have  triumphed  over  some  of  the 
most  celebrated  of  these  problems. 

The  most  ancient  of  (hem  is  the  Quadrature  of  the  Circle,  which 
already  appears  in  our  oldest  mathematical  document,  the  Papifnu 
Hhind,  B.C.  2000.  Its  impossibility  was  finally  shown  by  Lindemann 
(1882). 

Another  famous  problem  relates  to  ihe  soltition  of  the  quintic, 
which  had  engaged  the  attention  of  mat heniaiiciana  since  the  middk 
of  the  sixteenth  century.  The  imiM>ssibiUly  of  expTMsing  ita  roots  by 
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radiciUa  wob  finally  shown  by  the  youthful  Abel  (1824) ,  while  Hermite 
and  Kronckcr  (1858)  showed  how  they  might  be  expressed  by  the 
elliptic  modular  functions,  and  Klein  (1875)  by  means  of  the  icosa- 
hedra)  irrationality. 

But  of  all  prnbletns  which  have  come  down  from  the  paAt,  by  Far 
f'tlie   moat   celebrated   and   importAnt   relates   to   Euclid's   parallel 
laxiom.     Its  solution  has  profoundly  affected  our  views  of  space, 
and  given  rise  tf)  questiona  even  deeper  and  more  far-reaching  which 
embrace  the  entire  foundation  of  geometry  and  our  space  conception. 
["Let  us  paaa  in  rapid  review  the  principal  events  of  this  great  move- 
ment.   Wallis  in  the  seventeenth,  Scceheri,  Lambert,  and  Legendn 
in  l.be  eighteenth,  are  the  first  to  make  any  noteworthy  progresB 
before  the  nineteenth  century.    The  really  profound  investigations 
,of  Seccheri  and   Lambert,  strangely  enough,  were  entirely  over- 
^looked'  by  later  writers  and  have  only  recently  come  to  light. 

In  the  nineteenth  century  non-Euclidean  geometry  develops  along 
four  directions,  which  roughly  follow  each  other  chronologically. 
Let  us  conaider  them  in  order. 

The  naivcsf/nthetic  dircciion.  — The  methods  employed  are  similar  to 
jtliose  of  Euclid.    His  axioms  are  assumed  with  the  exception  of  the 
jparaUet  axiom;  the  resulting  geometry  is  what  is  now  callod  hyper- 
Ibolic  or  Lobatschewski's  geometry.    Its  principal  properties  are  de- 
duced, in  particular  its  trigonometry,  which  is  shown  to  be  that  of  a 
^  aphere  Ti-ith  imaginary  radius  as  Lambert  had  divined.   As  a  specific 
^result  of  these  investigations  the  long'debated  question  relating  to 
'  the  independence  of  the  parallel  axiom  was  finally  settled.    The  great 
naiticM  in  this  group  arc  Lobatsohen'ski,  Bolyai,  and  Gauss.   The  first 
fpublicAtions  of  Lobatschewski  are  his  Expontion  succinct  des  prin- 
dpesde  la  {r^om^frte (1829), and  the  GeometrUche  Vnierguthungen,  in 
1840.    Bolyai's  Appendix  was  published  in  1832.    As  to  the  extent 
kof  Gauss's  investigations,  we  can  only  judge  from  scattered  remarks 
fin  private  letters  and  his  reviews  of  books  relating  to  (he  parallel 
axioms.    His  dread  of  the  Ge/tchrei  der  BooHer,  that  is,  the  followers 
[of  Kant,  prevented  him  from  publishing  his  extensive  speculations. 
The  metric-dij^ertntial  direclvm.  — This  is  inaugurated  by  throe  great 
^memoirs  by  Riemann,  Helmholts,  and  Beltrami,  all  published  in  the 
same  year,  1868. 

I  Beltrami,  making  use  of  results  of  Gauss  and  Minding  relating  to 
the  applicability  of  two  surfaces,  shows  that  the  hyperbolic  geometry 
of  a  plane  may  be  interpreted  on  a  surface  of  constant  negative 
curvature,  the  pscudosphero.  By  means  of  this  discovery  the  purely 
logical  and  hypothetical  system  of  Lobatschewski  and  Bulyai  Cakes 
on  a  form  aa  concrete  and  tangible  as  the  geometry  of  a  plane. 

The  work  of  Ricmann  Is  as  original  as  profound.  He  considers 
space  as  an  n-dimcnsional  continuous  numerical  multiplicity,  which 
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i«  distuiguUhed  from  the  iufinity  of  other  sucb  multipUcitlefl  by 
certain  well-definetl  characters.  Chief  of  them  are  (1)  the  qiudratic 
differential  expression  which  defines  the  length  of  an  elementar)'  arc, 
and  (2)  a  property  relative  to  the  displacements  of  this  multiplicity 
about  a  point.  There  are  an  in&nity  of  space  multiplicities  which 
satisfy  Uiemaun's  axioms.  By  extending  Gauss's  deliiiition  of  a 
curvature  h,  of  a  surface  at  a  point  to  curvature  of  tpacw  at  a  point, 
by  considering  the  geodesic  surfaces  passing  through  that  point. 
Kiemann  finds  that  uU  these  spaces  fall  into  three  classes  according 
as  A;  is  equal  to.  greater,  or  less  than  0.  For  n=3  and  ft  =0  we  hitv* 
Euclidean  space;  when  Jt<0  we  have  the  space  foimd  by  Gauaa, 
Lobatsclie\\'ski,  and  13olyai;  when  A:>0  we  have  the  space  first 
considered  in  the  long-forgotten  writings  of  Seccheri  and  Lambert, 
in  which  the  right  line  is  finite. 

lielmhollz,  hke  Riemann,  considera  space  as  a  auinerical  multiphc- 
ity.  To  characterise  it  further,  Helinholtz  makes  use  of  tiie  notions 
of  rigid  bodies  and  free  mobiUty.  His  work  has  been  revised  and  ma- 
terially extended  by  Lie  from  the  standpoint  of  the  theory  of  groups. 

In  the  present  category  also  belong  important  papers  by  New- 
comb  and  KilUng. 

The  projtctive  dirtction.  —  We  have  already  noticed  the  efforts  o( 
the  synthetic  school  to  express  metric  properties  by  means  of  project- 
ive relations.  In  this  the  circular  points  at  infinity  were  especially 
serviceable.  An  inuiensc  step  in  this  direction  was  taken  by  Laeuerre, 
who  showed,  in  1853,  that  all  angles  might  be  expressed  as  an  anhar* 
monic  ratio  with  reference  to  these  points,  that  is,  with  reference  to 
a  certain  fixed  conic.  The  next  advance  is  made  by  Cayley  in  his 
famous  sixth  memoir  on  quantics,  in  1859.  Taking  any  fixed  come 
(or  quadric,  for  space]  which  he  calls  the  absohite.  Cayley  introducif 
two  expressions  dep^ndiog  on  the  anharmonic  ratio  with  reference 
to  the  absolute.  When  this  degenerates  into  the  circular  points 
at  infinity,  these  expressions  go  over  into  the  ordinary  expressions 
for  the  distance  between  two  points  and  the  angle  betwoen  two 
lines.  Th»w  all  metric  relations  may  be  considered  as  projective 
relations  with  r(>spect  to  the  ab6olut«.  Cayley  does  not  so«m  to  be 
aware  of  the  relation  of  his  work  to  non-Euclidean  geometry.  Thi* 
was  diseovcrcd  by  Ivlcin,  tn  1871.  In  fact,  according  to  the  nature  of 
the  absalut«,  three  goomctricfl  are  possible;  these  are  precisely  the 
three  already  mentioned.  Klein  has  made  many  important'  contri- 
butions to  non-Kuelidean  geometry.  Wc  mention  his  modification 
of  T.  Staiidt's  definiiion  of  anharmonic  ratio  so  as  to  be  indepcnd' 
ent  of  the  parallel  axiom,  his  discovery  of  the  two  forma  of  Ri^ 
mann's  space,  and  finally  his  contributions  to  a  class  of  geometriro 
first  noticed  by  Clifford  and  which  arc  charact«rixe<l  by  the  fact  that 
only  certain  of  ita  motions  affect  tpace  u  ft  whole 


MATHKMATTCS  IN  THE  NINETEENTH  CENTURY    409 

A»  a  result  of  all  these  investigations,  both  in  the  projective  as 

in  the  metric  differential  direction,  we  are  led  irresistibly  to  the 

[»amc  conclusion,  namely:  The  facts  of  experience  can  be  explained 

[by  all  three  geometries  when  the  constant  k  ia  taken  small  enough. 

U  is.  therefore,  merely  a  question  of  convenience  whether  we  adopt 

[the  parabolic,  hyi>erboUc.  or  elliptic  geometry. 

Tht  critical  syntheixi:  direction  represents  a  return  to  the  old  syn- 

'thetic  methods  of  Euclid,  Lobatsche«-ski,  and  Bolyai,  with  the  added 

feature  of  a  rofinod  and  exacting  logic.     Its  principA)  object  is  no 

longer  a  study  of  non-Euclidean  but  of  Euclidean  geometry.    Its 

fftim  ii  to  establish  a  system  of  axioms  for  our  ordinary  spiicc  which 

complete,  compatible,  and  irreducible.     The  fundamental  terms 

joint,  line,  plane,  between,  congruent,  etc.,  are  introduced  as  ab- 

Ifltract  marks  whose  properties  are  determined  by  inter-relations  in 

llhe  form  of  axioms.    Geometric  intuition  has  no  place  in  this  order 

[of  ideas  which  regards  geometry  as  a  mere  dinsion  of  pure  logic. 

le  efforts  of  this  school  have  already  been  crowned  with  eminent 

juccess,  and  much  may  be  expected  from  it  in  the  future.   Its  leaders 

ire  Peano,  Veronese,  Fieri,  Padoa,  Burali-Forti.  and  Le'\'i-CivittA,  in 

Italy,  Pasch  and  Hilbert  in  Germany,  and  Moore  in  America. 


Closing  nt  this  point  our  hasty  and  imperfect  suT\'ey  of  mathe- 
lattcs  in  the  last  century,  let  us  endeavor  to  sum  up  its  main  charac- 
fteristics.  What  strikes  us  at  once  is  its  colossal  proportions  and  rapid 
growth  in  nearly  all  directions,  the  great  variety  of  its  branches,  the 
generality  and  complexity  of  its  methodaj  an  inexhaustible  creative 
imagination,  the  feariess  introduction  and  employment  of  ideal 
elements,  and  an  appreciation  for  a  refined  and  logical  development 
of  all  its  [larts- 

We  who  stand  on  the  threshold  of  a  new  century  can  look  back  on 
an  era  of  unparalleled  progress.  Looking  into  the  future,  an  equally 
^bright  prospect  greets  our  eyes;   on  all  sides  fruitful  fields  of  re- 
»arch  invite  our  lalwr  and  promise  easy  and  rich  returns. 
Surely  this  is  the  golden  age  of  mathematics. 
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I  Aria  ct  Mauufactureii,  Pum.  b.  Patw,  Fruuc.-.  July  24.  1956.  LL.D.  Clurk 
Univcrsitv,  GlosgoTr  tJnivcrsity.  University  of  Chmtidnift.  Membrr  of  In- 
•titule  o(  Fmnco;  Academy  of  Sciflnw,  Berlin,  8t.  PHrrHburjK,  Bolo^ns, 
Boston.  Turin.  Copauhagou.  WoshiagtoD,  and  many  oth«n;  Math(>iuattcul 
Society  of  London.  Former  President  of  Mnthematical  Society  of  France, 
MathnmnlicAl  Societies  of  Ixinrlon  itiid  Khnrkovr,  and  many  other  tiiath> 
•mMicftl  »ocietie«.  Autbor  and  editor  of  Mnnoira.  Trait*  and  DiacuinoTU 
of  Maikemaiia;    Theory  o}  Algfbmi^  Functions  n}  Two  VariabUa.] 

It  is  one  of  the  objects  of  a  congress  such  as  this  which  now 
brings  ua  together,  to  show  the  bonds  between  the  diverse  parts  of 
science  taken  in  its  most  extended  acceptation.  So  the  organiiers 
of  this  meeting  have  insisted  that  the  relations  between  different 
sections  should  be  put  in  e^^dcnce. 

To  undertake  a  study  of  this  sort,  somewhat  indeterminate  in 
character,  it  is  necessary  to  forget  that  b!1  is  in  aU;  in  what  con- 
cerns algebra  and  analysis,  a  P\*thngorean  would  be  dismayed  at  the 
extent  of  his  task,  remembering  the  celebrated  formula  of  the  school: 
"  Things  are  numbers."  From  this  point  of  view  my  subject  would 
he  inexhaustible. 

But  I,  for  the  best  of  reasons,  will  make  no  such  pretensions. 

In  CBSting  merely  a  glance  over  the  development  of  our  science 
through  the  ages,  and  particularly  in  the  last  century,  I  hope  to  be 
able  to  characterize  sufficiently  the  rAle  of  mathematical  analysis  in 
its  relations  to  certain  other  sciences. 


It  woulrl  appear  natural  to  commence  by  apoAking  of  the  concept 
itself  of  whole  number;  but  this  subject  is  not  alone  of  logical  order, 
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it  Ib  aim  of  order  historic  and  peychologio,  and  would  draw  us  away 
into  too  many  diBcussions. 

Since  the  concept  of  number  has  been  sifted,  in  it  have  been  found 
unfathomable  depths;  thus,  it  is  a  question  stitl  pending  to  know, 
between  the  two  fonus,  the  caixlinal  number  and  the  ordinal  number, 
under  which  the  idea  of  number  presents  itself,  which  of  the  two  is 
anterior  to  the  other,  that  is  to  say,  whether  the  idea  of  number 
properly  so  called  is  anterior  to  that  of  order,  or  if  it  is  the  inverse. 

It  seems  that  the  gcometor-log^cian  ncf^ects  too  much  in  these 
questions  psychology'  and  the  lessons  uncivilized  races  give  us;  it 
would  seem  to  result  from  these  studies  that  the  priority  is  with  the 
cardinal  number. 

It  may  also  be  there  is  no  general  response  to  the  question,  the 
response  varying  according  to  races  and  according  to  mentalities. 

I  have  sometimes  thought,  on  this  subject,  of  the  distinction  be> 
tween  audltives  and  vbuals,  auditives  favoring  the  ordlnai  theory, 
visualE  the  cardinal. 

But  I  will  not  linger  on  this  ground  full  of  snares;  I  fear  that  our 
modem  school  of  logicians  with  difficulty  comes  to  agreement  with 
the  ethnologists  and  biologists;  these  latter  In  questions  of  origin 
are  always  dominated  by  the  evolution  idea,  and,  for  more  than  one 
of  them,  logic  is  only  the  rfsum^  of  ancestral  experience.  Matbe- 
oiaticiaiut  are  even  reproached  with  postulating  in  principle  that 
there  is  a  human  mind  in  some  way  exterior  to  things,  and  that  it 
has  iti5  logic.  We  must,  however,  submit  to  this,  on  puiii  of  con- 
structing notliing.  We  need  this  point  of  departure,  and  certainly, 
supposing  it  to  have  evolve<l  during  the  course  of  prehistoric  time, 
Uus  logic  of  the  human  mind  was  perfectly  fixed  at  the  time  of  the 
oldest  geometric  schools,  those  of  Greece;  their  works  appear  to 
have  been  its  first  code,  as  is  expressed  by  the  story  of  Plato  writing 
over  the  door  of  bia  school,  "Let  no  on«  not  a  geometer  enter 
here." 

Long  before  the  bizarre  word  algebra  was  derived  from  the  ArabiCi 
expressing,  it  would  seem,  the  operation  by  which  equalities  are 
reduced  to  a  certain  canonic  form,  the  Greeks  had  made  al^bra 
without  knowing  it;  relations  more  intimate  could  not  be  imagined 
than  those  binding  together  their  algebra  and  their  geometry,  or 
rather,  one  would  be  embarrassed  to  classify,  if  there  were  occasion, 
their  geometric  algebra,  in  which  they  reason  not  on  numbers  but  on 
magnitudes. 

Among  the  Greeks  also  we  find  a  geometric  arithmetic,  and  one  of 

the  most  interesting  phases  of  its  development  is  the  ooniliot  which, 

among  the  Pythagoreans,  aroae  in  this  subject  between  number  and 

magnitude,  apropos  of  irrationals. 

Though  the  Greeks  cultivated  the  abstract  study  of  numbers,  called 
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}y  them  arithmetic,  thc^ir  speculative  spirit  showed  little  taste  for 
practical  calculation,  which  they  called  logistic. 

In  remote  antiquity,  the  KgypUans  and  the  Chaldeans,  and  later 
the  Himlus  and  the  Arabs,  carried  far  the  science  of  calculation. 

Thoy  were  led  on  by  practical  noede;  logistic  preceded  arithmetic, 

aa  land-surveying  and  geodesy  opened  the  way  to  geometry;  in  the 

same  way  trigonometry  developed  under  the  influence  of  the  in- 

creaBing  needs  of  astronomy. 

The  history  of  science  at  its  beginnings  shows  a  close  relation 

Htxitween  pure  and  applied  raatlieniatics;  this  we  shall  meet  again 
constantly  iu  the  course  of  this  study. 

We  have  remained  up  to  this  point  in  the  domain  which  ordinary 
language  calls  elementary  algebra  and  arithmetic. 

In  fact,  fniiii  Lh<!  time  that  the  inconimeiiHurability  of  certain 
magnitude^had  tjonn  recognized,  the  infiiiit'f  had  made  its  appearance, 
and,  from  the  time  of  the  sophisms  of  Zeno  on  the  inipoastbiUby  of 
mntion,  the  summation  of  geometric  progressions  must  have  been 
considered. 

B  lite  procedures  of  exhavistJon  which  are  found  in  Eudoxiis  and  In 
Euchd  appertain  already  to  the  integral  calculus,  ami  Archimedes 
calculates  definite  integrals. 

B  Mechanics  also  appeared  in  his  treatise  on  the  quadrature  of  the 
pflraholft,  since  he  first  finds  the  surface  of  the  aegnienl.  houndwj  by 
an  are.  of  a  pamltola  and  its  chord  with  the  help  of  Iho-  theorem  of 
moments;   this  is  the  first  example  of  the  relations  between  tne- 

K  chanica  and  analy»iH,  which  since  have  not  ceased  developing.. 

H      The  infinitesimal  method  nf  the  Gn:«k  geometers  for  the  measure 

Hof  volumes  raised  questions  whose  interest  is  even  to-day  not  ex- 

^hausted. 

In  plane  geometry,  two  polygons  of  the  same  area  are  either 
equivalent  or  equivalent-by-complctionf  that  is  to  say,  can  be  de- 
composed into  a  finite  number  of  triangles  congruent  in  pairs,  or 
may  be  regarded  as  difleroncea  of  polygons  susceptible  of  such  a 
partition. 

It  is  not  the  same  for  the  geometry  of  space,  and  we  have  lately 
learned  that  stereometry  cannot,  Uke  planimetrj',  get  on  without 
recourse  to  procedures  of  exhaustion  or  of  limit,  which  require  the 
axiom  of  continuity  or  the  Archimedes  assumption. 

Without  insisting  further,  this  hasty  glance  at  antiquity  shows 
how  completely  then  were  amalgamated  algebra,  arithmetic,  geo- 
metry', and  the  first  endeavors  at  integral  calculus  and  mechanics,  to 
the  point  of  its  being  impossible  to  recall  separately  their  history. 

H  In  the  Middle  Ages  and  the  Renaissance,  the  geometric  algebra  of 
the  ancients  separated  from  geometry.  Little  by  tittle  algebra 
properly  so  called  arrived  at  independence,  with  ita  symbolism  and 
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its  notation  more  and  more  perfected;  thus  was  created  this  lan- 
guage 90  admirably  clear,  wliicb  brings  about  for  thought  a  veritable 
economy  and  renders  further  progress  possible. 

This  is  also  the  moment  when  distinct  divLeions  are  organized. 

Trigonometry,  which,  in.  antiquity,  had  been  only  an  auxiliary  of 
astronomy,  is  developed  independently;  toward  the  same  time  the 
logarithm  appears,  and  essential  elements  are  thus  put  in  evidence. 

n  ~ 

In  the  seventeenth  centur>',  the  analsrtic  geometry  of  Descartes, 
distinct  from  what  I  have  just  called  the  geometric  algebra  of  the 
Greeks  by  the  general  and  systematic  ideas  which  are  at  ita  base, 
and  the  new-bom  dynamic  were  the  origin  of  the  greatest  progress  of 
analysis. 

When  Galileo,  starting  from  the  hypothesis  that  the  velocity  of 
heavy  bodies  in  their  fall  is  proportional  to  the  time,  from  this 
deduced  the  law  of  the  distances  passed  over,  to  verify  it  afterward 
by  experiment,  he  took  up  again  the  road  upon  which  Archimedes 
had  formerly  entered  and  on  which  would  follow  after  him  Cavaiieri, 
Fennat,  and  others  still,  even  to  Newton  and  Leibnitz.  The  integral 
calcuJus  of  the  Greek  geometers  was  bom  again  in  the  kinematic  of 
the  great  Florentine  physicist. 

As  to  the  calculus  of  derivatives  or  of  differentials,  it  was  founded 
Kith  precision  apropos  of  the  drawing  of  tangents. 

In  reality,  the  origin  of  the  notion  of  derivative  is  in  the  confoaed 
sense  of  the  mobility  of  things  and  of  the  rapidity  more  or  less  great 
with  which  phenomena  happen;  this  is  well  expressed  by  the  words 
fluents  and  fivxion$,  which  Newton  used,  and  which  one  might 
suppose  borrowed  from  old  IleracHtus. 

The  points  of  view  taken  by  the  founders  of  the  science  of  motion, 
Gahleo,  Huygens,  and  Newton,  had  an  enormous  influence  on  the 
orientation  of  mathematical  analysis. 

It  was  with  Galileo  an  intuition  of  genius  to  discover  that,  in 
natural  phenomena,  the  determining  circumstances  of  ihr  motion 
produce  accelerations:  this  must  have  conducted  to  the  statement 
of  the  principle  that  the  rapidity  with  which  the  dynamic  state  of 
a  system  changes  depends  in  a  determinate  manner  on  its  static  state 
alone.  In  a  more  general  way  wc  reach  the  postulate  that  the  in- 
finiteumal  changes,  of  whatever  ruiture  they  may  be,  occurring  in 
a  system,  of  bodies,  depend  uniquely  on  the  actual  state  of  this 
system. 

In  what  degree  are  the  exceptions  apparent  or  real?  Tlils  is  a  ques- 
tion which  was  raised  only  later  and  whioh  I  put  aside  for  the 
moment. 

From  the  principles  enunciated  becomes  dear  a  point  of  capital 
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importance  for  the  analyst:  Phenomena  are  ruled  by  differential 
€!quations  which  can  be  fonned  when  obsen-ation  and  cxporimrnt 
have  made  knuwu  for  each  category  of  jthenotnt-na  certain  physical 
laws. 

We  understand  the  unlimited  hopes  conceived  from  these  results. 
As  Bertrand  says  in  the  preface  of  his  treatise.  "The  early  successes 
were  at  first  such  that  one  might  suppose  all  the  difficulties  of  science 
surmounted  in  advance,  and  believe  that  the  geometers,  without 
being  longer  distracted  by  the  elaboration  of  pure  mathematics, 
could  turn  their  meditations  exclumvely  toward  the  study  of  the 
natural  la%vs. " 

This  was  to  admit  gratuitously  that  the  problems  of  analysis,  to 
wfaich  one  was  led,  would  not  present  very  grave  difSculticft. 

Despite  the  diBillusioiis  the  future  was  to  bring,  this  capital  point 
remained,  that  the  problems  had  taken  a  precise  form,  and  that  a 
classification  could  be  established  in  the  difficulties  to  be  surmounted. 

There  was,  therefore,  an  immense  advance,  one  of  the  greatest 
I  ever  made  by  the  human  mind.  We  understand  also  why  the  theory 
[of  differential  equations  acquired  a  consi4erab1c  importance. 

I  have  anticipated  somewhat,  in  presenting  things  under  a  form 
90  analytic.  Oeonietry  was  intermingled  in  all  this  progress.  Huy- 
gens,  for  example,  followed  always  by  preference  the  ancients,  and 
his  Horotogium  oseiHatorium  rests  at  the  same  time  on  infinitesi- 
mal geometry  and  mechanics;  in  the  same  way,  in  the  Principia 
of  Newton,  the  methods  followed  are  synthetic. 

It  is,  above  all,  with  Leibnitz  that  science  takes  the  paths  which 
were  to  lead  to  what  we  call  malhenmticat  analysis;  it  is  he  who, 
I  for  the  first  time,  in  the  latter  years  of  the  seventeetith  century, 
pronmincca  the  word  function. 

By  his  syfltematie  spirit,  by  the  numercius  problems  he  treated, 
even  as  his  disciples  James  and  John  Bernoulli,  he  established  in  a 
final  way  the  jwwer  of  the  doctrines  to  the  pdificatinn  of  which  hat! 
succeesively  contributed  a  long  sprir-a  of  thinkers  from  the  distant 
Ittraes  of  Eudoxus  and  of  Archimedt>j). 

The  eighteenth  century  showed  the  extreme  fecundity  of  tbe  new 
methods.  That  was  a  strange  time,  the  era  i:f  mathematical  duels 
where  geometers  hurled  dcSance,  combats  not  always  Mnthout 
acrimony,  when  Lcibnitzians  and  Newtonians  encountered  in  the 
lists. 

EVom  the  purely  analytic  point  of  view,  the  classification  and  study 
of  simple  functions  Is  particularly  interesting;  the  function  idea,  on 
which  analysis  rests,  is  thus  developed  little  by  little. 

The  celebrated  works  of  Euler  hold  then  a  considerable  place. 
However,  the  numerous  problems  which  present  themsdvets  to  the 
mathcnmticians  leavo  no  time  for  a  scrutiny  of  principles;  the 
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foundations  them8«Ivin»  of  tho  doctrine  are  elurklatcd  slowly,  and 
the  mot  attributed  tod'Alembcrt,  "AUoz  en  avant  el  la  fol  vous 
vtendra, "  Is  wery  characteristic  of  this  epoch. 

Of  all  the  problems  slartetl  at  the  end  of  the  aeventeenih  centuiy 
or  during  the  first  half  of  the  eighteenth,  it  will  suffice  for  me  to  recall 
those  isupvrimetric  problems  which  gave  birth  to  the  calculus  of 
variations. 

I  prefer  to  insist  on  the  in  terpenet ration  still  more  inUmate 
between  analysis  and  mechanics  when,  after  the  inductive  period  of 
the  first  age  of  dynamics,  the  deductive  period  was  reached  where  one 
strove  to  give  a  final  form  to  the  principles.  The  mathematical  and 
formal  development  played  then  the  essential  rAle,  and  the  analytic 
language  was  indispensable  to  the  greatest  extenaon  of  theae  prin- 
ciples. 

There  are  moments  in  the  history  of  the  sciences  and,  pe-rhaps,  of 
society,  when  the  spirit  is  sustained  and  carried  forw.-trd  by  the  words 
and  the  symbols  it  has  created,  and  -when  gimeralizatioTL^  present 
themselves  with  the  least  eflfort.  Such  was  particularly  the  rtMc  of 
analysis  in  the  fonnal  development  of  mechanics. 

Allow  me  a  remark  just  here.  It  is  often  said  an  equation  contains 
only  what  one  ha.?  put  into  it.  It  is  easy  to  ans^vcr,  first,  that  the 
new  form  under  which  one  finds  the  things  constitutes  often  of  itaelf 
an  important  discovery. 

But  sometimes  there  is  more;  analysis,  by  the  simple  play  of 
it«  symbols,  may  suggest  generalizations  far  surpa-^^ing  (he  primitive 
outline.  Is  it  not  so  with  the  principle  of  virtual  vutocities,  of  which 
tiic  first  idea  comes  from  the  simplest  mechanisms;  the  analytic 
form  which  translates  it  will  suggest  cxtoisions  leading  far  from  the 
point  of  departure. 

In  the  same  sense,  it  is  not  just  to  say  analysis  has  created  nothing, 
since  these  more  general  conceptions  arc  its  work.  Still  another 
example  is  furnished  us  by  Lagrange's  s>'stcm  n(  equations;  here 
calculus  transformations  have  given  the  type  of  <lifrercntial  equations 
to  which  one  tends  to  carry  back  to-day  the  notion  of  mechanical 
explanation. 

There  are  in  science  few  examples  eompaniblc  to  this,  of  the 
importance  of  the  form  of  an  Bnal>'tic  relation  and  of  the  power  of 
generalisation  of  which  it  may  be  capable. 

It  is  very  clear  that,  in  each  case,  the  gcncmliiationa  raggested 
should  be  made  precise  by  an  appeal  to  observatinn  and  expf^rimcflt, 
then  it  is  still  the  calculus  which  searches  out  distant  eonsequencos 
for  checks,  but  this  Is  an  order  of  ideas  which  I  need  not  broach  bete. 

Under  the  impulse  of  the  problems  set  by  geometry,  mrchanifli, 
and  physics,  we  see  develop  or  take  birth  almost  all  Lite  great  divMotn 
of  analysis.    First  were  met  equations  with  a  angle  independent  van- 
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abb.  Soon  appearpartial  dififerential  equatlona,  with  vibrating  corda, 
the  mechanics  of  fluids  and  the  infinitesimal  geametr>'  of  surfaces. 

This  was  a  wholly  new  analytic  world;  the  origin  it^self  of  the 
problems  treated  was  an  aid  which  from  the  first  steps  permits  no 
wandering,  and  in  the  hands  of  Monge  geometiy  rendered  useful 
services  to  the  new-bom  theories. 

But  of  all  the  applications  of  analysis,  none  had  then  more  renown 
than  the  problems  of  celestial  mechanics  set  by  the  knowledge  of  the 
law  of  gravitation  and  ty  which  the  greal^est  geometera  gave  their 
names. 

11ieor>'  ne\'er  had  a  more  beautiful  triumph;  perhaps  one  might 
add  that  it  waa  too  complete,  l»ecause  it  was  at  this  moment  above 
all  that  were  conceived  for  natural  philusophy  the  hupes  at  least 
preinatun^  of  which  I  spoke  above. 

In  all  tliis  perind,  especially  in  the  second  half  of  the  eighteenth 
century,  what  strikua  ua  with  atlmiratiou  and  ia  also  somewhat 
confusing,  is  the  extreme  importance  of  the  applications  realised, 
while  the  pure  theory  ajipean-fi  wiill  so  itl  assured.  One  i>erceive8  it 
when  certain  questinn^  are  raised  like  the  degree  of  arbitrariness  in 
the  integral  of  vibrating  cords,  which  gives  place  to  an  interminable 
and  inconclusive  discussion. 

Lagrange  appreciated  these  insuFTicieneies  when  he  published  hia 
theory  of  analytic  funclJnnij,  where  he  strove  to  give  a  precise  foun- 
dation to  analysis. 

One  cannot  too  much  admire  the  marvelous  presentiment  he  had 
of  the  rAle  which  the  functions,  which  with  him  we  call  analytic, 
were  to  play;  but  we  may  confess  that  we  stand  astonished  before 
the  demonstration  he  believed  to  have  given  of  the  possibility  of  the 
development  of  a  function  in  Taylor's  series. 

The  exigencies  in  qucations  of  pure  analysis  were  leas  at  this 
epoch.  Confiding  in  intuition,  one  was  content  with  certain  prababU- 
iliw,  and  agreed  implicitly  about  certain  hypotheses  that  it  seemed 
useless  to  formulate  in  an  explicit  way;  in  reality,  one  had  con- 
fidence in  the  ideas  which  so  many  times  had  shown  themaelvea 
fcennd,  which  is  very  nearly  the  mat  of  d'Alembert. 

The  demand  for  rigor  in  mathematics  has  had  its  successive 
approximations,  and  in  thia  regard  our  sciences  have  not  the  absolute 
character  so  many  people  attribute  to  them. 

m 

We  have  now  reached  the  first  years  of  the  nineteenth  century. 
As  we  have  explained,  Uie  great  majority  of  the  analytic  researches 
had,  in  the  eighteenth  century,  for  occasion  a  problem  of  geometrj-, 
and  especially  of  mechanics  and  of  physics,  and  we  have  scarcely 
found  thu  logical  and  teathctic  preoccupations  which  are  to  give  a 
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physiognomy  so  different  to  eo  maay  inalhcmaticiJ  nrorks,  above  all 
m  the  latter  two  thirds  of  the  mneteeoth  century. 

Not  to  anticipate,  however,  after  so  many  examples  of  the  in- 
fluences of  physics  on  the  developments  of  analysis,  we  meet  still  a 
new  one,  and  one  of  the  most  memorable,  in  Fourier's  theory  of  heat. 
He  commences  by  forming  the  partial  differential  equations  which 
govern  temperature. 

What  are  for  a  partial  differential  equation  the  conditions  at  the 
limits  permitting  the  determination  of  a  solution? 

For  Fourier,  the  conditions  are  suggested  by  the  physical  problem, 
and  the  methods  that  he  followed  have  served  as  models  lo  the 
physicist-geometers  of  the  6rst  half  of  the  last  century. 

One  of  these  consists  in  forming  a  series  with  certain  simple  solu- 
tions. Fourier  thus  obtained  the  first  types  of  developments  more 
general  than  the  trigonometric  developments,  aa  in  the  problem  of 
the  cooling  of  a  sphere,  where  he  applies  his  theor>*  to  the  terrestrial 
globe,  and  investigates  the  law  wliieh  governs  the  variations  of 
temperature  in  the  ground,  trying  w  go  even  as  far  as  numerical 
applications. 

In  the  face  of  tw  many  beautiful  results,  wc  understand  the  cnthu- 
»B8m  of  Fourier  which  RcintillatcA  from  every  line  of  his  preliminary 
discourse.  Speaking  of  mathematical  analytfia.he  says,  "There  coulil 
not  be  a  language  more  univcraal,  more  simple,  more  exempt  from 
errors  and  from  obscuriticfi,  that  is  to  say,  more  worthy  to  express 
the  invariable  relations  of  natural  things.  Considered  under  this 
point  of  view,  it  is  as  extended  bb  nature  herself;  it  defines  all  scn- 
fdblo  relations,  measures  times,  spaces,  forces,  temperaturea.  This 
difficult  science  forma  slowly,  but  it  retains  all  the  principles  once 
acquired.  It  grows  and  Btrengthcns  ivithout  cease  in  the  midst  of 
so  many  errors  of  the  human  mind." 

The  eulogj-  is  magnificent,  but  pemieating  it  we  see  the  tendeney 
which  makes  all  analyab  uniquely  an  auxiliary,  however  incom- 
parable, of  the  natural  sciences,  a  tendency,  in  conformity,  as  vm 
have  seen,  with  the  development  of  science  during  the  preceding  ivm 
centuriea;  but  we  reach  just  here  aa  epoch  where  new  tendencies 
appear. 

I'oiason  having  in  a  report  on  the  Fundaments  recalled  the-  re» 
pronrh  made  by  Fourier  to  Abel  and  Jacob!  of  not  having  oceupjod 
themaelvee  preferably  with  the  movement  of  heat,  Jacob!  wrote  to 
Lependre:  "It  is  true  rhat  Monsieur  Fourier  held  the  view  that 
the  principal  aim  of  mathemalius  Ti'ns  public  utility,  and  the  ex- 
planation of  natural  phenomena;  but  a  philosopher  such  as  he 
should  have  known  that  the  unique  aim  of  science  is  the  honor  of 
the  human  spirit,  and  that  fmni  this  jxitnt  of  view  a  question  about 
numbers  is  as  important  as  a  question  about  the  s>'Htem  of  tho 
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world."  This  was  without  doubt  also  the  opinion  of  the  grand  geo- 
meter of  Gocttingen,  who  called  mathematics  thcqucen  of  thcscicnccs^ 
•^ftod  arithmetic  the  queen  of  mathematics. 

^H    It  would   be  ridiculous  to  oppose  one  to  the  other  these  two 

^Hendencies;  the  harmony  of  our  science  is  in  their  synthesis. 

Wm     The  time  was  about  to  arrive  when  one  would  feel  the  need  of 

inspecting  the  foundations  of  the  edifice,  and  of  making  the  inventory 

^■of  accumulated  wealth,  using  more  of  the  critical  spirit.  Mathematical 

Hthought  was  about  to  gather  more  force  by  retiring  into  itself;   the 

problems  were  exhausted  for  a  time,  and  it  is  not  well  for  all  seekers 

^Kto  stay  on  the  same  road.     Moreover,  difficulties  and  paradoxes 

^Hrcmaining  unexplained  made  necessary  the  progress  of  pure  theory. 

The  path  on  which  this  should  move  was  traced  in  its  large  outlines, 

and  there  it  could  move  with  independence  without  necessarily  losing 

contact  with  the  problems  set  by  geometry,  mechanics,  and  physics. 

rAt  the  same  time  more  interest  was  to  attach  to  the  philosophic 
and  artistic  side  of  matheiuatics,  confiding  in  a  sort  of  prccstab- 
liahed  harmony  between  our  logical  and  wsthetic  satisfactions  and  the 
neceeeities  of  future  applications. 

Let  us  recall  rapidly  certain  points  in  the  lustory  of  the  revision 
of  principles  where  Gauss,  Cauchy,  and  Abel  likcwiso  were  laborers 
of  the  Srst  hour.  Precise  defmitions  of  continuous  functions,  and  their 
most  immediate  propertiea,  simple  rules  on  the  convergence  of  series, 
were  formulated;  and  soon  was  established,  under  very  general 
conditions,  the  possibility  of  trigonometric  developments,  legiti- 
matizing thus  the  botdiit^i^s  of  Fourier. 

Certain  geomctrlo  intuitions  relative  to  areas  and  to  arcs  give 
place  to  rigorous  demonstration.  The  geometers  of  the  eighteenth 
century  had  neci-iwariiy  sought  to  give  account  of  the  degree  of  the 
generality  of  the  solution  of  ordinary  differential  equations.  Their 
likeness  to  equations  of  finite  differonoes  led  ea^ly  to  the  result;  but 
the  demonstration  so  conducted  must  not  be  pressed  very  close. 

Lagrange,  in  his  lessons  on  the  calculus  of  functions,  had  intro- 
duced greater  precision,  and  starting  from  Taylor's  series,  he  saw 
that  the  equation  of  order  m  leaves  indeterminate  the  function, 
and  its  m  ^  1  first  derivatives  for  the  initial  value  of  the  variable; 
^Bwe  are  not  surprised  that  Lagrange  did  not  set  himself  the  question 
T^of  convergence. 

In  twenty  or  thirty  years  the  exigencies  in  the  rigor  of  proofs  had 
grown.  One  knew  that  the  two  preceding  modes  of  demonstration 
are  susceptible  of  all  the  precision  necessary. 

For  ihf.  first,  there  was  need  of  no  new  principle;   for  the  second 

[it  was  necessary  that  the  theory  should  develop  in  a  new  way.    Up 

to  this  point,  the  functions  and  the  variables  had  remained  real. 

[The  consideration  of  complex  variables  oomea  to  extend  the  field  of 
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analysis.  The  functions  of  a  complex  variable  with  unique  firrivalive 
are  necessarily  developable  in  Taylor's  aeries;  we  come  back  thus 
to  the  mode  of  development  of  which  the  author  of  the  theory  of 
analytic  functions  had  understood  the  interest,  but  of  which  the 
importance  could  not  be  put  fully  in  evidence  in  limiting  one's  self 
tfl  real  variables.  They  also  owe  the  grand  rAle  thai  they  have  not 
ceased  to  play  to  the  facility  with  which  we  can  mansf^e  them,  and 
to  their  convenience  tn  calculation. 

The  general  theorettw  of  the  theory  of  analytic  functions  permitted 
to  reply  with  precision  to  questions  remaining  up  t/>  that  time  un- 
decided, such  as  the  dej^ree  of  generality  of  the  integrals  of  differential 
equations.  It  became  posable  to  push  even  to  the  end  the  demon- 
stration sketched  by  I-agrarge  for  an  ordinary  differential  equa- 
tion. For  a  partial  differential  equation  or  a  s}-3tcm  of  such  equations, 
precise  theorems  were  established.  It  is  not  that  on  this  lattCT  point 
the  results  obtained,  however  important  they  may  be,  resolve 
completely  the  diverse  questions  that  may  be  set;  because  in  mathe- 
matical physics,  and  often  in  geometry,  the  conditions  at  the  liinita 
arc  susceptible  of  forms  so  varied  that  the  problem  called  Cauchy'a 
appears  often  under  very  severe  form.  I  will  shortly  return  to  this 
capital  point. 

IV 

Without  restricting  ourselves  to  the  historic  order,  we  will  follow 
the  development  of  mathematical  phj'sics  during  the  last  century, 
in  so  far  as  it  interests  analysis. 

The  problems  of  calorific  equilibrium  lead  to  the  equation  already 
encountered  by  Laplace  in  the  study  of  attraction.  Few  equations 
have  l>een  the  object  of  so  m&ny  works  as  this  celebrated  equation, 
The  conditions  at  the  limits  may  be  of  divers  forms.  The  simplest 
ease  is  that  of  the  calorific  equilibrium  of  a  body  of  which  we  main- 
tain the  cicments  of  the  surface  at  given  temperatures;  from  the 
phj-sical  point  of  view,  it  may  be  regarded  as  evident  that  the  iesn- 
peraturc,  continuous  within  the  interior  since  no  source  of  heat  ifl 
there,  is  determined  when  it  is  given  at  the  surface. 

A  more  general  case  is  that  where,  the  state  remaining  pvrmaneDt. 
there  might  be  radiation  toward  the  outside  with  an  emlsfdve  inwpr 
varying  on  the  surface  in  acconiance  with  a  given  law;  in  particular 
the  temperature  may  he  given  on  one  poriinn,  while  there  ia  radisUoo 
on  another  portion. 

These  questions,  which  are  not  yet  resolved  in  their  greateiit  gen- 
erality, have  greatly  contributed  lo  the  orientation  of  the  tht»ory  of 
partial  differential  equations.  Tliey  have  calh-*!  attention  to  typeeaf 
determinations  of  integrals,  which  would  not  have  pmsenled  them- 
selvca  in  remaining  at  a  point  of  view  purely  abatraet. 
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Laplace's  equation  had  been  met  already  in  hydrodjTianiics  and 
in  the  study  of  attraction  inversely  as  the  square  of  the  distance. 
This  latter  theon.'  has  led  to  putting  In  evidence  the  most  essential 
elementa,  such  as  the  potentials  of  simple  strata  and  of  double 
strata.  Analytic  combinations  of  the  highest  importance  were  there 
met,  which  since  have  been  notably  generalized,  such  as  Greea'a 
formula. 

The  fimdamcntal  problems  of  static  electricity  belong  to  the 
same  order  of  ideas,  and  that  was  surely  a  beautiful  triumph  for 
theory,  the  diacovcry  of  the  celebrated  theorem  on  electric  phe- 
Domena  in  the  interior  of  hollow  conductofB,  which  later  Faraday 
rediscovered  experimentally,  without  having  known  of  Green's 
memoir. 

All  this  magnificent  emembU  has  remained  the  type  of  the  theories 
already  old  of  mathematical  physics,  which  secra  to  us  almost  to 
'  have  attained  perfection,  and  which  exercise  still  so  happy  an  in- 
fluence on  the  progress  of  pure  analysis  in  suggesting  to  it  the  most 
beautiful  problems.  The  theory  of  functions  offers  us  another  mem- 
orable affiliation. 

There  the  analytic  transformations  which  come  into  ploy  are  not 
distinct  from  those  we  have  met  in  the  permanent  movement  of 
heat.  Certain  fundamental  problems  of  the  theory  of  ftmciions  of 
a  ocunplex  variable  lost  then  their  abstract  enunciation  to  take  a 
physical  form,  such  as  that  of  the  distribution  of  temperature  on 
m  closed  surface  of  any  connection  and  not  radiating,  in  calorific 
equilibrium  with  two  sources  of  heat  which  necessarily  correspond 
to  flows  equal  and  of  contrary  signs.  Transposing,  we  face  a  ques- 
tion relative  to  Abelian  integrals  of  the  third  species  in  the  theory  of 
algebraic  cur\'e.*(. 

The  examj^lca  which  precede,  where  we  have  envisaged  only  the 
equations  of  heat  and  of  attraction,  show  that  the  influence  of 
ph>*sieal  theories  has  been  exercised  not  only  on  the  general  nature 
of  the  problems  to  be  solved,  hut  ev*n  in  the  details  of  the  analytic 
transformations.  Thus  is  currently  designated  in  recent  memoirs  on 
partial  differential  equations  under  the  name  of  Green's  formula, 
a  formula  inspired  by  the  primitive  formula  of  the  English  physicist. 
The  theory  of  dynamic  electricity  and  that  of  magnetism^  with 
Ampere  and  Gauas,  have  been  the  origin  of  important  progress;  the 
study  of  cur\-ilinear  integrals  and  that  of  the  integrals  of  surfaces 
have  taken  thence  all  their  developments,  and  formulas,  such  as 
that  of  Stokes  which  might  also  be  called  Ampere's  formula,  have 
appeared  for  the  first  time  in  memoirs  on  phj-sics.  The  equations 
of  the  propagation  of  electricity,  to  which  are  attached  the  names  of 
Ohm  and  Kirchoff.  while  presenting  a  great  analogy  with  those  of 
haat.  offer  often  conditions  at  the  limits  a  Uttle  difl'erent;  we  know 
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all  that  telegraphy  by  cables  owes  to  the  profound  discussion  of  a 
Fourier's  equation  carried  over  into  electricity. 

The  equations  Long  ago  nTitten  of  hydrodynamics,  the  equations 
of  the  theory  of  electricity,  those  of  Maxwell  and  of  Hertz  in  clectro- 
magnetiatn,  have  offered  problems  analogous  to  those  recalled  above, 
but  under  conditions  still  more  varied.  Many  unsurmountcd  diffi- 
culties arc  there  met  with ;  but  how  many  beautiful  results  we  owe 
to  the  study  of  particular  cases,  whose  number  one  would  wish  to 
see  increase.  To  be  noted  also  aa  interesting  at  once  to  analysis  and 
physics  are  the  profound  differences  which  the  propagation  may 
present  according  to  the  phenomena  studied.  With  equations  such 
as  those  of  sound,  we  have  propagation  by  waves;  with  the  equa- 
tion of  heat,  each  variation  is  felt  instantly  at  every  distance,  but 
very  little  at  a  ver>'  groat  distance,  and  we  cannot  then  speak  of 
velocity  of  propagation. 

In  other  cases  of  which  Kirchoff's  equation  relative  to  the  propa- 
gation of  electricity  with  induction  and  capacity  offers  tlie  simplest 
type,  there  is  a  wave  front  with  a  velocity  determined  but  with  ■ 
remainder  behind  which  does  not  vanish. 

These  diverse  circumstances  reveal  very  different  properties  of 
integrals;  their  study  has  been  delved  into  only  in  a  few  particular 
cases,  and  it  raises  questions  into  which  enter  the  most  profound 
notions  of  modern  analysis. 


I  will  enter  into  certain  analytic  details  especially  interesting  for 
mathematical  physics. 

The  question  of  the  generality  of  the  solution  of  a  partial  differential 
equation  has  presented  some  apparent  paradoxes.  For  the  eaine 
equation,  the  number  of  arbitrary  functions  figtuing  ^n  the  goneniJ 
integral  was  not  always  the  same,  following  the  form  of  the  integral 
envisaged.  Thus  Fourier,  studying  the  equation  of  heat  in  an  indefin- 
ite medium,  considers  as  evident  that  a  solution  will  be  determined 
if  its  value  for  t=0  is  given,  that  is  to  say  one  arbitrary  function  of 
the  three  coordinates  x,  y,  t;  from  the  point  of  view  of  Cnuchy,  we 
may  consider,  on  the  contrary,  that  in  the  general  solution  there  aia 
two  arbitrary  functions  of  the  three  variables.  In  reality,  the  quo* 
tion,  as  it  has  long  been  stated,  has  not  a  precise  signification. 

In  the  first  place,  when  it  is  a  question  only  of  analytic  functions, 
any  finite  number  of  functions  of  any  number  of  independent  vari- 
ables presents,  from  the  arithmetical  point  of  view,  no  greater  gen- 
erality than  a  single  function  of  a  single  variable,  since  in  tho  one 
caM  and  in  the  other  the  emnnhh  of  coefficients  of  the  dcvclopmcnl 
forms  an  enumerable  aeriea.  But  there  is  aomcthing  more.  In  reality, 
beyond  the  conditions  which  arc  translated  by  given  functions,  aa 
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intrgral  is  niibjrctnl  to  conditions  of  continuity,  or  is  to  become  in- 
finit*  in  a  determined  manner  for  certain  elements;  one  may  so  be 
led  to  regard  as  equivalenc  to  an  arhitrar>'  function  the  condition 
of  continuity  in  a  given  space,  and  then  we  clearly  sec  how  badly 
formulated  w  the  question  of  giving  the  number  of  the  arbitrary 
functions.  It  is  at  times  a  delicate  matter  to  demonstrate  that  con- 
ditions determine  in  a  unique  manner  a  solution,  when  wc  do  not 
wish  to  be  contented  with  probabilitiea;  it  is  then  necessary  to  make 
precise  the  manner  in  which  the  function  and  certain  of  its  deriva- 
tives conduct  themselves. 

Thus  in  Fourier's  problem  relative  to  an  indefinite  medium  cer- 
tain hypotheses  must  be  made  about  the  function  and  its  first 
derivatives  at  infinity,  if  we  wish  to  establish  that  the  solution  is 
unique. 

Formulas  analogous  to  Green's  render  great  services,  but  the 
demonstrations  one  deduces  from  them  are  not  alwaj's  entirely 
rigorous,  implicitly  supposing  fulfilled  for  the  limits  conditiooa 
which  arc  not,  a  pruni  at  least,  necessary.  This  is,  after  so  many 
othcn,  a  new  example  of  the  evolution  of  exigencies  in  the  rigor  of 
proofs. 

We  remark,  moreover,  that  the  new  study,  rendered  necessary, 
baa  often  led  to  a  better  account  of  the  nature  of  integrals. 

True  rigor  is  fecund,  thus  distinguishing  itself  from  another  purely 
formal  and  tedious,  which  spreads  a  shadow  over  the  problems  it 
touches. 

The  difficulties  in  the  demonstration  of  the  unity  of  a  solution 
may  be  verj-  different  according  as  it  is  question  of  equations  of 
which  all  the  integrals  are  or  are  not  analytic.  This  is  an  important 
point,  and  shows  that  even  when  we  wish  to  put  them  aside,  it  is 
necessary  sometimes  to  consider  non-analytic  functions. 

Thus  we  cannot  aftirm  that  Cauchy's  problem  determines  in  a 
unique  manner  one  solution,  the  data  of  the  problem  l>eing  general, 
that  is  to  say  not  l>eing  characteristic. 

'nHs  is  surely  the  case,  if  wc  envisage  only  analytic  integrals, 
but  vnih  non-analytic  Integrals  there  may  be  contacts  of  order 
infinite.  And  theory  here  does  not  outstrip  applications;  on  the 
contrary,  as  the  following  example  shows: 

Docs  the  celebrated  theorem  of  Lagrange  on  the  pot^Dtlals  of 
velocity  in  a  perfect  fluid  hold  good  in  a  viscid  fluid?  Elxamples  have 
been  given  where  the  codrdinat«8  of  different  points  of  a  viscous 
fluid  starting  from  rest  arc  not  cxprcaaiblc  as  analytic  functions  of 
the  time  stJirling  from  the  initial  instant  of  the  motion^  and  where 
the  nul  rotations  as  well  as  all  their  derivatives  with  respect  to  the 
time  at  this  instant  arc,  however,  not  identically  duI;  Lagrange's 
theorem,  therefore,  docs  not  hold  true. 
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These  considerations  sufficiently  show  the  interest  it  may  have 
to  be  Bfwured  that  all  the  integrals  of  a  system  of  partial  differential 
equations  continuous  as  well  as  all  their  derivatives  up  to  a  deter- 
mined order  in  a  certain  field  of  real  variables  are  analj-tic  functions; 
it  is  underetood,  we  suppose,  there  are  in  the  equatjona  only  analytic 
dements.  We  have  for  linear  equations  precise  theorems,  all  tiia 
integrals  being  analytic,  if  the  characteristics  are  imaginar>',  and 
very  general  propositions  have  also  been  obtained  in  other  cases. 

The  conditions  at  the  limits  that  one  is  led  to  assume  are  verj- 
different  according  as  tt  is  question  of  an  equation  of  which  the 
integrals  are  or  are  not  analytic.  A  type  of  the  first  case  is  given 
by  the  problem  generalized  by  DiriclJet;  conditions  of  continuity 
there  play  an  essential  part,  and,  in  general,  the  solution  cannot 
be  prolonged  from  the  two  sides  of  the  continuum  which  serves  as 
support  to  the  data;  it  is  no  longer  the  same  in  the  second  oase, 
where  the  disposition  of  this  support  in  relation  to  the  characteris- 
tics plays  the  principal  rAle,  and  where  the  field  of  existence  of  the 
solution  presents  itself  under  wholly  different  conditions. 

All  these  notions,  diflicult  to  make  precise  in  ordinary  language 
and  fundamental  for  mathematical  physics,  are  not  of  lees  interest 
for  infinitesimal  geometry. 

It  will  suthce  tu  recall  that  all  the  surfaces  of  constant  positive 
curvature  are  analytic,  while  there  exist  surfaces  of  constant  neg»» 
tive  cur\'ature  not  analytic. 

From  antiquity  has  been  felt  the  confused  sentiment  of  a  certain 
economy  in  natural  phenomena;  one  of  the  first  precise  examples 
is  furnished  by  Fermat's  principle  relative  to  the  economy  of  time 
in  the  transmission  uf  light. 

Then  we  came  to  recognize  that  the  general  equationsof  mechanics 
correspond  to  a  problem  of  minimum,  or  more  exactly  of  variation, 
and  thus  we  nbtaine<l  the  principle  of  virtual  velocitiea,  then  Ham- 
illon's  principle,  and  that  of  least  action.  A  great  number  of  problems 
appeared  then  as  corre6{)onding  to  minima  of  certain  definite  in- 
tegrals. 

This  was  a  ver}'  imiwrtant  advance,  because  the  existence  of 
a  minimum  could  in  many  cases  be  regarded  as  evident,  and  con- 
sequently the  demonstration  of  the  existence  of  the  solution  -ma 
efTeoted. 

This  reasoning  has  remlerod  immenw  sernoes;  the  greatest  geo- 
meters, Gatisa  in  the  problem  of  the  distribution  of  an  attracting 
mass  comwponding  to  a  given  potential,  Ricntann  in  his  theory  of 
Abellan  funniions,  have  been  satisfied  frith  it.  To-day  our  attention 
has  been  calWl  to  the  dangers  of  this  sort  of  demonstration;  ii  is 
poaaible  for  the  minima  to  be  simply  limits  and  not  to  be  actually 
attained  by  veritable  functions  poosesdng  the  necesaary  properties 
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of  continuity.  Wc  are,  therefore,  no  longer  content  with  the  proN 
sbUitioa  offered  by  the  reasoning  long  clnsflic. 

Whether  we  proceed  indirectly  or  whether  wc  acek  to  give  a  rigor- 
ous proof  of  the  cxiRtencc  of  a  function  corresponding  to  the  mini- 
mum, the  route  is  long  and  arduous. 

Further,  not  the  less  will  it  be  always  useful  to  connect  a  ques- 
tion of  mechanics  or  of  mathematical  physics  nith  a  problem  of 
Toimmum;  in  this  first  of  all  is  a  sourec  of  fecund  analytic  tran»- 
fonnstions,  and  besides  in  the  very  calculations  of  the  investigation 
of  variations  useful  indications  may  appear,  relative  to  the  condi- 
tions at  the  limits;  a  beautiful  example  of  it  was  given  by  Kirchoff 
In  the  delicate  investigation  of  the  conditions  at  the  limits  of  the 
equilibrium  of  flexure  of  plates. 


VI 


^V  equations. 

^P  Examples  chosen  in  rational  mechanics  and  in  celestial  mechanic« 
^^  would  readily  show  the  rfile  which  ordinary  differential  equations 
I  play  in  the  progress  of  these  sciences  whose  history,  as  we  have  seen, 
has  been  so  narrowly  bound  to  that  of  analy«8. 

When  the  hope  of  integrating  with  simple  functions  was  lost,  one 
strove  to  find  dcvclopmenia  permitting  to  follow  a  phenomenon  as  long 
as  p068ible,  or  at  leaat  to  obtain  information  of  its  qualitative  bearing. 
For  practice,  the  methods  of  approximation  form  an  extremely 
^^ important  part  of  mathematics,  and  it  is  thus  that  the  highest  parts 
^■of  theoretic  arithmetic  find  themselves  connected  with  the  applied 
^^Bciencea.    As  to  series,  the  demonstrations  themselves  of  the  exist- 
ence of  integrals  furnish  tbem  from  the  very  first;  thus  Cauchy'a 
first  method  gives  developments  convergent  aa  long  as  the  integrals 
and  the  differential  coefficients  remain  ct»ntinuous, 

tWben  any  circumstance  permits  our  foreseeing  that  such  is  always 
the  case,  we  obtun  developmenta  always  convergent.  In  the  pro- 
blem of  n  bodies,  wo  can  in  this  way  obtain  developmenta  valid  so 
long  08  there  arc  no  shocks. 
;  If  the  bodies,  instead  of  attracting,  repel  each  other,  this  contin- 
gency need  not  be  feared  and  we  should  obtain  developments  valid 
I  indefinitely;  unhappily,  as  Fresnel  said  one  day  to  Laplace,  nature 
is  not  concerned  about  analytic  difficulties  and  the  celestial  bodies 
I      attract  instead  of  repelling  each  other. 

1^  One  would  even  be  tempted  at  times  tu  go  further  than  the  great 
^nhyaicist  and  say  that  nature  has  sown  difTiculties  in  the  patha  of 
^■the  anaK'sts. 

^»    Thus,  to  take  another  example,  we  can  generally  decide,  given  a 
system  of  differential  equations  of  the  first  order,  whether  the  gen- 
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eral  solution  is  stable  or  not  about  a  point,  and  to  find  dRvelopmenta 
in  scries  valid  for  stable  solutions  il  is  only  necessary  that  certain 
inequalities  be  verified. 

But  if  we  apply  these  results  to  the  equations  of  dynamics  to  dis- 
cuss stability,  we  find  ourselves  exactly  in  the  particular  case  which 
is  unfavorable.  Nay,  in  general,  here  it  is  not  possible  to  decide  on 
the  stability;  in  the  case  of  a  function  of  forces  having  a  maximuiD, 
reasoning  classic,  but  indirect,  establishes  the  stability  which  cannot 
be  deduced  from  any  development  valid  for  every  value  of  the  time. 

Do  not  lament  these  difficulties;  they  will  be  the  source  of  future 
progress. 

Such  are  also  the  difficulties  which  still  present  to  us,  id  spite  of 
80  many  works,  the  equations  of  celestial  mechanics;  the  astra- 
nomers  have  almost  draviii  from  them ,  since  Newton,  by  means  of 
series  practically  convergent  and  approximations  happily  coEb- 
ducted,  all  that  is  necefsar)*  for  the  foretelling  of  the  motioiui  of  the 
heavenly  bodies. 

The  analysts  would  ask  more,  but  Ihey  no  longer  hope  to  attain 
the  integration  by  means  of  simple  functions  or  developments  al- 
ways convergent. 

What  admirable  recent  researches  have  best  taught  them  ia  the 
immense  difficulty  of  the  problem;  a  new  way  has,  however,  been 
opened  by  the  study  of  particular  solutions,  such  as  the  periodic 
solutions  and  the  asymptotic  solutions  which  have  already  been 
utilised.  It  is  not  perhaps  so  much  because  of  the  needs  of  practice 
as  in  order  not  to  avow  itself  vanquished,  that  analysia  1^^]|  never 
resign  itself  to  abandon,  without  a  decisive  victory,  a  subject  where 
it  has  met  so  many  brilliant  triumphs;  and  ngsin,  what  more  beau- 
,  tifu]  field  could  the  theories  new-bom  or  rejuvenated  of  the  modem 
doctrine  of  functions  find,  to  essay  their  forces,  than  this  elaario 
problem  of  n  bodies? 

It  is  a  joy  for  the  analyst  to  encounter  in  applications  equatlooa 
that  be  can  integrate  with  known  functions,  with  transcendents 
already  classed. 

Such  encounters  are  unhapily  rare;  the  problem  of  the  pendulum, 
the  classic  cases  of  the  motion  of  a  solid  body  around  a  fixed  point, 
arc  examples  where  the  elliptic  functions  have  permitted  us  to  effect 
the  integration. 

It  would  also  be  extremely  interesting  to  encounter  a  question 
of  meclmnics  which  might  be  the  origin  of  the  discovery  of  a  new 
transcendent  possessing  some  remarkable  property;  I  should  be  ' 
embarrassed  to  give  an  example  of  it  unless  in  carrying  back  to  ths  H 
pendulum  the  dfbut  of  the  theorj-  of  elliptic  functions.  " 

The  in terpenet ration  between  theory  and  applicatinra  is  here 
much  less  than  in  the  questions  of  mathematical  physics.    Thus 
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is  explained  that,  since  forty  yeare,  the  works  on  ordinary  differ^ 

Iential  ectuations  aliached  to  analytic  functions  have  had  in  great 
pan  a  theoretic  character  allogfther  abstract. 
I  The  pure  theory  has  notably  taken  the  advance;  we  have  had 
occasion  to  say  that  it  was  wHl  it  should  be  so.  but  evidently  there 
fs  here  a  <)ue»tion  of  mpasurc,  and  we  may  hope  to  see  the  old  pro- 
blems profit  by  the  progress  accomplished. 

It  would  not  bo  over-difficult  Ut  give  some  examples,  and  I  will  re- 
call only  those  linear  differential  equations,  where  figure  arbitrary 
parameters  whase  singular  values  are  roots  of  entire  transcendent 

P functions;  which  in  particular  makes  the  successive  harmonics  of 
B  vibrating  membrane  correapond  to  the  poles  of  a  meromorphic 
function. 

It  happens  also  that  (he  theory  may  be  an  element  of  classifica- 

I      tion  in  leadinf^  to  seek  conditions  for  which  the  solution  falls  under 

^■m  determined  type,  as  for  example  that  the  integral  may  be  uniform. 

There  have  been  and  there  yet  will  be  many  inl^resting  discnveriee 

I  in  this  way,  the  case  of  the  motion  of  a  hoIkI  heavy  body  treated 
by  Madame  de  Kovalovski  and  where  the  Abelian  functions  were 
utilised  is  a  remarkable  example. 


vn 


In  studying  the  reciprocal  relations  of  analysis  with  mechanics 
and  mathematical  physics,  wc  have  on  our  way  more  than  once 
encountered  the  infinitesimal  geometry,  which  has  proposed  so 
many  celebrated  problems;  in  many  difficult  questions,  the  happy 
combination  of  calculus  and  synthetic  reasonings  has  rt-aliiod  con- 
siderable progress,  tis  is  shown  by  the  theories  of  applicable  surfaces 
and  systems  triply  orthogonal. 

It  is  another  part  of  geometry  which  plays  a  grand  rCle  in  certain 
analytic  researches,  I  mean  the  geometry  of  situation  or  aiwi/f/m 
n'tux.  We  know  that  Riemann  marlc  from  this  point  of  view  a  com- 
plete study  of  the  continuum  of  two  dimensions,  on  which  rests  his 
thcor>*  of  algebraic  functions  and  their  integrals. 

When  this  number  of  dimen-sions  augmentji,  the  questions  of 
analysis  silits  become  necessarily  complicated;  the  geometric  intui- 
tion ceases,  and  the  study  becomes  purely  analytic,  the  mind  being 
guided  solely  by  analogies  which  may  be  misleading  and  need  to  be 
disetiBsed  very  closely.  The  theor>'  of  algebraic  functions  of  two 
variables,  which  transports  us  into  a  space  of  four  dimensions, 
without  getting  from  nntiiyns  nitus  an  aid  ao  fniitfu!  as  does  the 
heory  of  functions  of  one  variable,  owes  it.  howt-vcr,  useful  orient^ 
at  inns. 

There  is  also  another  order  of  qutstions  where  the  geometrj*  of 
ituation  intervenes;  in  the  study  of  curves  traced  on  a  surface  and 
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defined  by  difFprcntial  equations,  the  connection  of  this  surface  plays 
on  important  rtle;  this  happens  for  geodesic  lines. 

The  notion  of  oonnexity,  moreover,  pre«entod  itself  long  ago  in 
Rnalj-sis,  when  the  study  of  electric  currents  and  magnetism  led 
to  non-uniform  potentials;  in  a  more  general  manner  certain  multi- 
form integrals  of  some  partial  differential  equations  are  met  tn 
difficult  theories,  such  as  that  of  diffraction,  and  varied  researches 
must  continue  in  this  direction. 

From  a  different  point  of  view,  1  must  yet  recall  the  relations  of 
algebraic  analysis  with  geometr)',  which  manifest  themselves  so 
elegantly  in  the  theory  of  groups  of  finite  order. 

A  regular  polyhedron,  eay  an  icosahcdron.  is  on  the  one  hand  the 
solid  that  all  the  world  knows;  it  is  also,  far  the  analyst,  a  group  of 
finite  order,  corresponding  to  Llie  divers  ways  of  making  the  poly- 
hedron coincide  with  itself. 

The  investigation  of  all  tlie  types  of  groupa  of  motion  of  finiie 
order  interests  not  alone  the  geometers,  but  also  the  orj'sLallo- 
graphers;  it  goes  back  essentially  to  the  study  of  groups  of  lemaxy 
linear  substitutions  of  determinant  -fl.and  leads  to  the  Lhiny- 
two  systems  of  synunetr>'^  of  the  co'EtallographcrB  for  the  particular 
complex. 

The  grouping  in  pystems  of  polyhedra  corresponding  so  as  to  fill 
apace  exhausts  all  the  possibilities  in  the  investigation  of  the  struc- 
ture of  crystals. 

Since  Uie  epoch  when  the  notion  of  group  was  introduced  into 
algebra  by  Galois,  it  has  taken,  in  divera  wa>'s.  considerable  devd- 
opinent,  so  that  to-<lay  it  is  met  in  oil  partii  of  mathematics.  In  the 
appticulioQS,  it  appesjs  to  us  above  all  us  an  admirable  instniment 
of  elussification.  Whether  it  is  a  question  of  substitution  groups 
or  of  Bophus  Lie's  trausfonnalion  groups,  whether  it  is  a  question 
of  algebraic  equations  or  of  differential  equations,  this  compreheD* 
sive  doctrine  permits  e:cplanntion  of  the  degree  of  diflicutty  of  the 
problems  treated  and  teaches  liuw  to  utilize  the  special  circiims1iui«e< 
which  present  themselves;  thua  it  should  interest  as  well  mechanics 
and  mathematical  physics  as  pure  analysis. 

The  degree  of  development  of  mechanics  and  physics  has  per- 
mitted giving  to  almost  all  their  theoricfl  a  mathematical  form: 
certain  hypotheses,  the  knowledge  of  elementary  laws,  have  led 
to  differential  relations  which  constitute  the  last  form  under  which 
these  theories  settle  down,  at  least  for  a  time.  These  Intt^r  have 
seen  little  by  little  their  field  enlarge  with  the  prinetplcfl  of  thermo- 
dynamics; to^ay  chemistry  tends  to  take  in  its  luro  a  mathemat- 
ical form. 

I  will  tAke  as  witness  of  it  only  the  celebrated  memoir  of  Glhht 
OD  the  equilibrium  of  chemical  systems,  so  analytic  in  charaetM; 
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and  where  it  needed  some  effort  on  the  part  of  the  chemiate  to 
recognize,  under  tht>ir  algcbr&ic  mantle,  laws  of  high  importance. 

It  eeeniH  that  chemistry  huH  to-ilay  gotten  out  of  the  premathe- 
m&tio  period,  by  which  every  science  begins,  and  tliat  a  day  must 
come  when  will  be  syiitematizcd  grand  theories,  analogous  U>  those 
of  our  present  mathematical  physics,  but  far  more  vast,  and  com- 
prising the  tmsentbte  of  physicochemic  phenomena. 

It  would  be  premature  to  ask  if  analysis  will  find  in  their  develop- 
ments the  source  of  new  progress;  we  do  not  even  know  before- 
hand what  analytic  types  one  might  find. 

I  have  constantly  »poken  of  differential  equations  ruling  phf^■ 
oomena;  will  this  always  be  the  final  form  which  condenses  a  theory? 
Of  this  I  know  nothing  certain,  but  we  should,  however,  remember 
that  many  hypolheHes  have  been  made  of  more  or  less  ejLperimental 
nature;  among  them,  one  is  what  has  been  called  the  principle  of 
non~keraiily,  which  postulates  that  the  future  of  a  system  depends 
only  on  its  present  state  and  its  state  at  an  instant  infinitely  near, 
or,  more  briefly,  that  accelerations  depend  only  on  positions  and 
velocities. 

We  know  that  in  certain  cases  this  hypothesis  is  not  admissible, 
at  least  with  the  magnitudes  directly  envisaged;  one  haa  sometimes 
mtflpmployed  on  this  subject  the  memory  of  matter,  which  recalls 
its  past,  and  has  .spoken. in  affected  terms  of  the  life  of  a  morsel  of 
•ted.  Different  attempts  have  been  made  to  give  a  theory  of  those 
phenomena,  where  a  distant  past  seems  to  interfere;  of  (hem  I  need 
not  speak  here.  An  analyst  may  think  that  in  cases  so  complex  it 
ia  ncceasaiy  to  abandon  the  form  of  differential  equations,  and  resign 
one's  self  to  envisage  functional  e^uziionit.  where  figure  definite 
int^^rala  which  will  be  the  mtness  of  a  sort  of  heredity. 

To  se«  the  interest  which  ia  attached  at  this  moment  to  functional 
equations,  one  might  believe  in  a  presentiment  of  the  future  needs 
of  science. 


After  having  spoken  of  non-heredity,  I  scarcely  dare  touch  tbe 
question  of  the  applications  of  analysis  to  biolog)'. 

It  will  be  some  lime,  no  doubt,  before  one  forms  the  fimctional 
equations  of  biologic  phenomena;  the  attempts  so  far  maile  are 
in  a  very  motlest  order  of  ideas;  yet  efforts  are  bemg  made  to  get 
out  of  tlie  pun-Iy  quatitntivc  field,  tn  introduce  quantitative  meas- 
ures. In  the  question  of  the  variation  of  certain  characteristics, 
mensuration  has  been  engaged  in,  and  statistic  measures  which  are 
translated  by  curves  of  frequency.  The  modifications  of  these  curves 
with  successive  generations,  their  decompositions  int*i  distinct  curves, 
may  give  tbe  measure  of  the  stability  of  species  or  of  the  rapidity 
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of  miitAtions,  and  we  knnw  what  interest  attaches  ilsolf  to  the» 
questions  in  recent  botanic  researches.  In  all  this  so  great  is  tht 
number  of  parameters  that  one  questions  whether  the  iofinitc^mal 
method  itself  could  be  of  any  ser\'ice.  Some  laws  of  u  stinple  arith- 
metic character  like  those  of  Mendel  come  occasionally  to  givo 
renewed  confidence  in  the  old  aphorism  which  I  cited  in  the  begin- 
ning, that  all  thingB  are  explained  by  numbers;  but,  In  eplto  of 
legitimate  hupett,  it  is  clear  that,  in  its  tolallry,  biology  is  still  far 
from  entering  upon  a  period  truly  malhcmalical. 

It  is  nut  so,  according  to  certain  econoiuists,  with  |x>tential  econ- 
omy. After  Cournot,  the  Lausanne  school  made  an  crfurt  cxtn'mely 
interesting  to  introduce  mathcmalieal  analysis  into  political  econ- 
omy. 

Under  certain  hypotheses,  which  fit  al  least  limiting  cascs^  w« 
fmd  in  learned  treatises  an  equation  between  the  quantities  of 
merchandise  and  their  prices,  which  recalls  the  equation  of  virtual 
velocities  in  mechanics;  this  is  the  equation  of  economic  e<iuilib- 
rium.  A  function  of  quantities  plays  in  this  theor}*  an  essential  rAle 
recalling  that  of  the  potential  function.  Moreover,  the  best  author^ 
ized  representatives  of  the  school  insist  on  the  analogy  of  economic 
phenomena  with  mechanical  phenomena.  "As  rational  mechBtucs," 
says  one  of  them, "  consideni  material  points,  pure  economy  cod< 
siders  the  homo  oec<momictiv." 

Naturally,  M-e  find'there  also  the  analogues  of  Lagrange's  equa- 
tions, iudisiM'nyable  matrix  of  all  mechanics. 

White  udniiring  lhe«e  bold  works,  we  fear  lest  the  author?  have 
neglected  certain  hidden  masses,  as  Helmboltz  and  Hertz  would 
have  said,  liut  although  that  may  happen,  there  is  in  these  doci  rines 
a  curious  appUcatJon  of  mathematics,  which,  at  least,  in  well-ciicuiUp, 
scribed  cases,  has  already  rendered  great  ser^-ices. 


1  have  terminated,  messieurs,  this  summary  history  of  some  of 
the  applications  of  analysis,  with  the  reflections  which  U  has  at 
moments  suggested  to  me.  It  is  far  from  being  complete;  thus  I  have 
omitted  to  speak  of  the  calculus  of  probabilities,  which  demamht 
so  much  subtlety  of  mind,  and  of  which  Pascal  refused  to  explain  thi9 
niceties  to  (he  Chevalier  de  M#r^  because  he  was  not  a  geometer. 

Its  practical  utility  is  of  the  first  rank,  its  theoretic  inter<^t  hfl« 
always  been  great;  it  is  further  augmented  to-day,  thanks  to  the 
importance  taken  by  the  researches  that  Maxwell  called  statiMheai 
and  which  tend  to  envigage  mechanics  under  a  wholly  new  ligbt. 

1  hope,  however,  to  have  shown.  In  this  sketch,  the  origin  and 
the  resjion  of  the  bonds  so  profoimd  which  unite  analrsifl  to  geometry' 
and  physics,  more  generally  to  every  science  bearing  on  quBntitm_ 
numerically  measurable. 
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The  reciprocal  influence  of  analysis  and  physical  theories  has  been 
in  this  regard  particularly  instructive. 

What  does  the  future  hold? 

Problems  more  difficult,  corresponding  to  an  approximation  of 
higher  order,  will  introduce  complications  which  we  can  only  vaguely 
forecast,  in  speaking,  as  I  have  just  done,  of  functional  equations 
replacing  systematically  our  actual  differential  equations,  or  further 
of  integrations  of  equations  infinite  in  number  with  an  infinity  of 
unknown  functions.  But  even  though  that  happens,  mathematical 
analysis  will  always  remain  that  language  which,  according  to  the 
mot  of  Fourier,  has  no  symbols  to  express  confused  notions,  a  lan- 
guage endowed  with  an  admirable  power  of  transformation  and 
capable  of  condensing  in  its  formulas  an  immense  number  of  results. 
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Aa  set  forth  by  the  Coinmittoc  dirtM^ling  the  affairs  of  this  Interna- 
tional Congress,  the  address  which  1  have  the  distingmshed  privilege 
of  delivering  to-day  ahall  be  on  "Present  Problema  in  Algebra  and 
ADal>'stB,"  —  but  it  is  not  provided  by  the  Committee  how  many 
of  these  problems  shall  be  trcatexl. 

The  difTerent  branches  of  algebra  and  analj-sis  which  have  bem 
invt-Htigated  arc  tsu  nnni(>ruii8  that  it  would  be  quite  impossible  to 
give  an  approximately  exlmustive  rej)reBentatioij  even  only  of  the 
roost  important,  problems,  within  the  limita  of  the  time  allowed  to 
me.  I,  therefore,  have  confined  myself  to  the  minimum  adouBsible 
number,  namely  our,  or  rather  one  group  of  problems. 

Of  this  one  probleifi,  however,  this  Section  of  Algebra  and  AnalysU 
has  the  right  to  expect  that  it  is  neither  purely  algebraic  nor  punrly 
analytic,  but  one  which  touches  both  fieldtf;  and  at  least  in  this 
respect  1  hope  that  my  selection  has  been  fortunate. 

I  purpoife  to  (iptak  to-day  on  the  Theory  of  Invariants  of  Quad- 
ratic Differential  Quautics.  Invariants  suggest  at  once  algcbm, 
differential  quantica:  analysis.  At  the  same  time  the  subject  abo 
lends  into  geometry,  —  it  contains,  for  instance,  a  great  part  of 
differential  geometry  and  of  geometry  of  hyperepace.  But  is  there, 
indeed,  any  algebraic  or  analytic  problem  which  dt»es  not  allow 
geometrical  inl^rjiretation  in  some  way  or  other?  And  when  it  comra 
to  geometry  of  hyperspace,  —  it  is  then  only  getmietrieal  language 
that  we  arc  mdng,  —  what  we  are  actually  considering  are  analytic 
or  algebraic  form.^.  Moreover,  rigorous  definitions  and  discuauDOS 
of  geometrical  propositions  of  an  invariant  character  in  particular 
can  only  be  ^ven  by  tracing  them  bacic  to  their  analytic  origin. 

In  the  following  exposition  I  shall  first  itpcak  on  the  varioui  in- 
variant expressions  of  differential  qundratica  as  they  oecnr  In  g«<h 
metry  of  two  and  more  dimensions,  and  then  take  up  ibe  purely 
analytic  reprrecniation  in  the  second  part  of  the  paper. 

Thia  convsponda  aim  to  the  historical  development  of  the  mi\^ 
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ject:  geometry  hoe  here  as  well  as  in  many  other  branches  o(  roathe- 
malica  indicated  the  problems  which  m  their  later  development 
turned  out  to  !>e  of  paramount  interest  in  puro  snatysis. 

A  few  preliminary  remarks  concerning  the  nomencUturc  of  the 
different  types  of  invarianc  expressions  will  be  necessary. 

To  a  given  differential  cjuadratic  form 

where  the  a^'s  are  functions  of  the  n  independent  variables  Xi  ,*,,.. . 
Xfi,  we  apply  a  general  point  transformation  of  the  variables  x, 
^i"Xt(!f„y^,  .  .  .//„). 
observe  that  the  dilTerentlals  dx  are  then  transformed  into 
linear  expn^sions  of  tlie  differentials  dy  with  the  Jacobian  of  the 
x'a  with  rwpcct  to  the  y'a  as  the  tmbstitution-det«rminant  which 
we  shall  call  r. 

By  this  transformation  A  goes  into 

A'=£a\kdyidyk, 
Let  now  ^  be  a  function 

(a)  of  the  coefficients  a,*  and  their  first,  second, .  .  .  derivatives, 

(b)  of  t',  V, .  .  .  and  their  derivatives,  where  U,  V, . . .  are  any 
arbitrar>'  functionn  of  j,,  Zj,  .  .  .  z*. 

If  then  ^  remains  the  same  whether  formed  for  the  new  or  for 
the  old  quantities,  that  is,  if 

3a\i  r„   3U' 


,U'^ 


»yl 


..,V',...)^0(a,Jp^, 


dxx 


u. 


3U 


dxx 


dyi. 
...V....) 
we  say  that  0  is  an  invariant  (in  the  wider  sense)  of  A. 

If  0  contains  oniy  the  0,4 's  and  their  derivatives,  we  call  it  an 
invariant  proper,  and  its  order  the  order  of  the  hiRhest  derivative 
occurring  in  it.  If  0  contains  also  one  or  more  arbitrary  functions 
U,V,  ...  we  call  it  a  differential  parantfier,  the  definition  of  order 
being  the  same  as  before. 

If  more  than  one  differential  quadratic  is  given  it  is  easily  under- 
stood what  19  meant  by  simultaneoxis  invariants  and  simultaneous 
differential  paramewra. 

In  strict  analogy  with  the  algebraic  theory  of  invariants  wc  call 
eovarinntx  expressions  ♦  of  the  above  invariantivc  nature,  provided 
that  wc  also  allow  the  differentials  dx  to  enter  into  #. 


The  first  and  the  most  important  example  of  a  differential  quad- 
ratic quantic  is  the  square  of  the  arc-element  on  a  surface 

da*~-Edu^+1Fdudv  +(?rfr». 

lit    was  Gauss    who  made  (1827),  in    his   Diaquisitiones   generaUM 

circa  auperficia  curvas,  this  expression  the  fundamental  object  of 
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investigation.    He  also  gave,  in  what  has  been  called  after  him  the 
Gaussian  Curvature 

K  =  {E,F,Q,— ,-••)> 

the  first  example  of  an  invariant.     Gauss  defines  this  curvature 
geometrically  and  finds  for  it  the  analytic  expression 

LJV-Jt/' 

EQ-F* 
which  is  a  simultaneous  invariant  of  two  differential  quantics, 

namely,  of  da'  and  of —  =Ldu'+2Mdudu+JVdr'. 
P 

This    shows  that  K   is   independent   of   the    «,u-8yBtem  on   the 

surface.    And  now  Gauss  expresses  K  in  terms  of  E,  F,  G  and  the 

first  and  second  derivatives  of   these  quantities  alone.     A  direct 

demonstration  that  K  is  an  invariant  proper  of   the  differential 

quantic  ds^  alone,  —  that  is,  without  passing   through  the  second 

ds* 
differential  quantic  - — -,  —  is  of  course  desirable.*    Each  one  of  the 
P 

general  methods  of  treating  the  theory  of  invariants,  which  will  be 

discussed  in  the  latter  part  of  this  paper,  furnishes  Buch  a  direct 

proof.    In  particular,  the  aspect  of  the  formula  for  K,  on  p.  528, 

deduced  by  the  symboHc  method,  shows  immediately  the  invariant 

character  of  K. 

Differential  parameters  were  introduced  into  differential  geometry 

by  Beltrami  in  1863.   Those  are  the  well-known  expressions 


Ji<p=- 


\dv/  du  dv       \Su/ 


ou  ov 
KG~F^ 


ri'f>S  = 


rlif  Oil'  ( 8<p  Sip       dif  dip 

dv  dv         \3u  dv     3v  du 


dip  8^ 
8u  Su 


EG~F' 


J^  =  _^ 


1 


VEG-F' 


du         rJr 
VEG-F' 


+ 


VEG-F' 


where  <p  and  ^  are  the  arbitrary  function.'i  which  take  the  place  of 
U,  V  in  our  general  {lefinifion  of  differential  parameters.  Ilcltrami 
adopted   the  name  "differential  parameters"  and  also  the  notation 

'  Cf.  on  tliia  subject  the  intercstinR  pap*T  by  Knoblauch :  "  Der  Gauss'scbe  S«t« 
vom  Kri\mniuDgan\aae,'' SitziingtberichU  der  BerliTier  Alalhem.  GeeelUchaft.  April 
27,1904. 
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J  from  Lnm#.  who,  in  his   I^cont  sur  Ut 
defined  in  1859  his  differential  parameteis 


eodrdonn4^5  ctirvHiqntA, 


^tp- 


3x^ 


for  the  three-dimensional  caite  where  the  arc-element  is  of  the  form 

L&m^  recognized  the  fundamental  importance  of  those  quantitiea 
and  made  a  systematical  use  of  them  on  account  of  their  itivariance 
with  respect  to  any  point-transformation  preserving  the  form  cfe*. 

The  general  theory  of  invariants  defines  the  dilTerculial  parameters 
J,  and  i,  for  the  case  of  n  variables.  From  these  general  expressions 
Beltrami's  differential  paramelera  are  directly  obtained  for  /i=2. 
Lamp's  quantities  <ii)'  and  ij  for  the  special  form  of  di^  in  the  case 

Tlic  number  of  differential  parameters  is  of  course  iniinitc,  but 
Dartwux  in  his  Itc^tia  »ur  la  Ihforie  gindrale  dcs  surjaccv  has  proved 
that  all  of  them  are  cxprc^iblc  by  means  of  A^,  J,,  p  and  the  evident 
differential  parameter 

dip  ii}>     S^  d^ 

(by  forming,  for  instance,  Jt(Jt<p)  etc.)  —  an  important  theorem 
which  has  later  been  extended  by  iStaeekel  to  an  analogous  theorem 
for  the  case  of  n  variables. 

The  expression  Ji<p  occurs  already  in  Gauss's  Disquisitiones. 
By  takinj;  as  parameter  curves  a  singly  infinite  system  of  geodesies 
and  its  orthogonal  trajectories  he  transforms  the  arc-element  into 
the  form 

and  shows  that  r  satisfies  the  differential  equation 

J,r=l. 
I  An  important  differential  paramet«r  is  the  geodesic  cur\-aturo. 
Its  expression  was  thrown  by  Bonnet  into  a  form  which  is  easily 
recognized  as  a  differc-ntial  parameter  (of  the  second  order).  Its 
numerator  =0  represents  the  differential  equation  of  geodesic  lines 
in  an  invariant  form. 

Since  a  transformation  of  the  two  independent  variables  «.  ti  which 
preser^'es  the  same  value  of  ds^  can  also  be  considered  as  a  transfor- 
mation of  two  surfaces  which  arc  applicable  to  each  other,  it  follows 
that  all  invariants  of  rfa'  are  also  invariants  of  a  surface  with  respect 
to  the  process  of  bending.    From  this  reason  these  invariants  have 
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brcn  called  by  Weingarten  and  Knoblauch,  wlio  n-ere  among  the  first 
wrilers  trnphai^izing  and  develuping  to  a  nertain  cxlcnt  ihc  invari- 
antJve  side  uf  dllTcrential  geometry,  in  the  caj»e  of  invariants  pmper, 
"BiegungHinvarianten,"  in  the  case  of  differential  parameters,  •'  Bie- 
gungacovarianten,"  and  this  notation  has  been  more  or  less  generally 
adopted.  Tlio  notation  "Biegung&covarianten"  does  not  agive  with 
the  definition  of  a  covariant  given  above,  but  a  differentia]  para- 
meter of  da'  can  easily  be  modified  into  a  covariantive  form  by 
replacing  according  to  the  differential  equation  of  the  curve 

U{u,v)  ^cotM. 

3U        W 
the  derivatii'etj  -r-  and  -r-  by  udv  and  —itdu. 
Qu.  an 

A  surface  is  completely  defined,  apart  from  its  location  in  space, 
when  in  addition  to  the  quadratic  form  ds^  also 

rfs' 
P 

is  given,  where  p  denotes  tbe  radius  of  curvature  along  d«,  —  a  the- 
orem which  was  proved  (1867)  by  Bonnet. 

With  these  two  differential  quantics  given,  we  can  now  at  once 
form  simultaneous  invariants  and  differential  parameters.  The  six 
coefficients,  E,  /',  G,  L,  M,  N  are,  however,  not  independent;  tiiey 
are  related  by  tbiec  partial  differential  eqtmtinns,  —  the  Gaussian 
relation  and  the  two  Codazri-Mainardi  equations.  These  three 
relations  ore  expressible  in  an  invanantive  form.  The  Gausuan  re- 
lation is 


'Uu'+2Mdudv+Ndv* 


LN-M* 


8E 


)• 


BQ-F' 

while  the  two  Codazzi  formulas  are  gi\-en  by  the  identical  \'anUhb 
of  one  simultaneous  linear  covenant. 

As  examples  of  simultaneous  differential  parameteTS  and  eovariants 
!  mention  the  expressions  whieh,  when  set  equal  lo  xero,  represent 
the  differential  equations  of  conjugate  lines,  asv'mptotic  lines,  and 
lines  of  curvature.  The  differential  equation  of  linesof  rur\*ature,  for 
instanee,  if  written  in  terms  of  du,  dv  represents  a  linear BimuttaDonus 
covBiiani;  if  written  as  a  partial  differential  equation  derived  from 

U{u,v)  ^eonsL 
it  represents  a  simultaneous  differential  parameter  involvinn  the 
arbitrary  function  U.  The  differential  equation  of  ronjugaio  llnM, 
if  written  in  two  sets  of  differentials  du,  dv  antl  3u,  dv  represents 
a  bilinear  simultaneous  covafiant;  if  written  a*  a  partial  differential 
equation  it  represents  a  differential  parameter  involving  two  arW- 
trary  functions  U  and  V. 

The  theory  of  invariants  of  the  above  two  differential  quodraties. 
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together  with  the  condition  of  the  vanishing  of  on©  simultaneous 
invuriant  proper  and  one  simultaneous  covariant,  dominates  then, 
in  a  certain  sense,  the  whole  of  iliffen-ntial  geometrj', 

Paaaing  now  to  the  case  of  n  variables  we  may  consider  the  difTur- 
ential  quadratic  form 

as  the  square  of  the  arc  in  a  hyperspace  of  n  dimensions. 

The  fundamental  r61e  which  the  Gaussian  curvature  plays  id  the 
case  n  =  2  is  here  represented  by  an  invariant  expreiRion  of  dt*  which 
—  in  a  certain  sense  —  might  be  regarded  as  a  generalization  of  the 
Gaussian  curvature,  namely,  the  Ricmann  curvature  of  tlie  hyper- 
space. Riemann's  investigations  on  this  subject  are  found  in  his 
paper,  Ufber  die  Hypothnen,  tivlehe  drr  Oeometrie  eu  Grundf  Hegen, 
and  in  the  mathematical  supplement  to  it  Comtncntatio  maOiematica, 
etc.  in  the  prize-problem  of  the  Parisian  Academy,  1861. 

The  geometrical  definition  of  the  Uiemann  curvature  is  briefly  the 
following;  Starting  from  any  point  P  with  the  coordinates  i,  we 
consider  two  linear  directions  defined  by  the  increments  dx^  and  Sxi. 
If  we  remain  in  the  vicinity  of  P  these  two  directions  define  a  plane 
of  two  dimcniuons  and  the  dcierminontjs 
■  dXi8*i!  -  dx^Sxi 

may  be  considered  aa  the  coordinates  of  this  plane.  If  now  we 
draw  geodesic  lines  from  the  point  P  whose  initial  arc^clcmcnts 

Llie  all  in  this  plane,  then  theae  geodesies  define  a  surface  of  two  di- 
mensionj^  and  the  Gaussian  curvature  of  this  geodesic  surface  at  the 
point  P  is  the  Riemann  cur\*ature.    The  analytic  expression  for  it  ia 
^         ,  J£(ikTt)(.dx^dx,—dx^8xt)(dXtdx,—dz,dXi) 


R i 


I{aita,,-ai,a^){dxtdx,-dx,iXi){dx^x^-dx^Xt, 
where  the  sum  is  to  be  taken  over  all  values  of  t,  k,  r,  s  from  1  to  n 
with  the  exception  of  those  for  which  i=A:orr=s. 

The  coeflicienls  {ikn)  are  certain  (jtiantitiea  depending  on  the 
coefficients  On:.  their  first  and  second  derivatives;  Ihey  occur  in  the 
literature  mostly  under  the  name  of  the  "ChristofTel  <|uailruple  index 
symbols."  A  better,  certainly  shorter,  notation  would  be  the  one 
used  by  Ricci.  namely,  '•  Riemann  symbolB." 

The  Riemann  curvature  R  is  an  invariant  expreanon,  and  as  ita 
rorm  shows  it  is  a  covariant  of  two  sets  of  differentials.  I*'or  n— 2 
it  ia  identical  with  the  Gaussian  curvature.  For  greater  numbers 
n  the  value  of  R  depends,  at  a  given  point,  on  the  plane-direction 
at  that  point  and  in  general  varies  with  the  plane.  If  it  should  b« 
constant  for  all  plane-directions  through  one  point,  and  if  this  is 
so  for  all  the  p<iinls,  then  A  is,  as  Bchur  has  shown,  altogether  con- 
stant that  a,  for  every  point. 
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SpacGS  of  constant  Riemann  cun'sture  have  been  the  object  of 
Dumcrous  intcrr^lmg  invt»tigut.ioDs,  but  Iheee  are  more  or  leas  of 
a  specific  gconicti'ic  character. 

If  in  poiticular  R  is  zero,  then  all  the  Riemann  symbols  vaniBh 
and  it  can  easily  be  shown  tliat  ds'  can  be  transfumied  into  the 
sum  of  n  st^uores 

The  converse  is  true.    In  this  case  the  byperspace  of  n  dimeo^ioua 
is  called  a  fitU  or  also  Euclidean  space. 
In  every  case  the  quadratic 


can  be  transformed  into 


T-dyV 


where  r  has  the  maximum  value  "^1|~'^-  We  might  say  Uien  iliat  the 
given  byperspace  of  n  dimensions  is  always  contained  in  an 
Kuctidean  space  of  n+r  dimensions,  where  r  is  one  of  the  numbers, 
0,  J..  .  .51^. 

The  number  r  is  evidently  cbarocterislic  for  the  hypejspace  the 
square  of  the  arc-element  of  which  is  the  given  quadratic.  This 
number  r  has  been  called  by  Uicci  the  doss  of  the  given  dilTorentjal 
quadratic  quantic.  It  is  evident  that  thia  elaas  t&  an  invariant  num- 
ber, and  the  condition  that  a  given  differential  quadratic  be  of  elaas 
r  must  certainly  be  an  invariantive  condition.  For  r=0  we  have 
just  seen  that  the  condition  is  /^  =  0.  For  higher  valueH  of  r  no  at- 
tempt has  yet  been  made,  so  far  as  1  know,  to  establish  this  invari- 
antive condition  though  tills  problem  is  certainly  one  of  fundamental 
interest. 

Beltrami,  in  his  paper,  Twria  gerieraU  dei  parametn  differeniiali. 
haa  cjctendod  the  definition  of  his  differential  parameters  to  the 
case  of  n  variables.  The  definition,  for  instance,  of  the  first  di0ei^^ 
entiaJ  parameters  is 

where  Aa  denotes  the  minor  of  the  element  a,],  in  the  determinaDi 

loal  -a. 
Beltrami  shown  that  by  means  of  the  geodesies  emanating  from  one 
point  and  of  the  hypersurfacca  orthogonal  to  them  he  can  cbooM 
his  parameters  such  that  da'  is  tramifonned  into 

wherersatisfies  the  equation  Jir~l, and  thatthua  Gaiua's  theorems 
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on  geodesic  polar  coordinates  for  n— 2  admit  a  perfect  analt^on 
in  bypcrspaco.  Also  in  liyperepace  Ihen  the  determinatioa  of  systems 
of  geodesies  amounts  to  the  integration  of  the  purtial  differeatial 
equation 

This  leads  now  to  the  application  of  dUTcrenlial  quadratics  to 
analytic  mechanics.     If  we  wTite   down  the  expression  of  the  vis 
viva  of  a  (hoh>nomnus)  material  sj-stem  in  terms  uf  gcoeralited 
,co6rdinate8  5„g,,     ■  ■?» 

"         dt    dl 

we  have  at  once  in 

2Tdt'=da^ 
a  differential  ([uadratlc  before  us. 

If  no  external  forcM  act  on  the  aystem,  then  a  geodesic  line  of  <Ji* 
represents  at  once,  as  aUo  Beltrami  has  shottTi.  a  path  of  the  sys- 
tem. Thus  the  mechanical  problem  is  practically  reduced  to  the 
i integration  of  the  equation  J^c  =  1. 
In  the  case  of  the  existence  of  external  foroea  having  a  potential 
V,  the  above  differential  (juantic  has  to  be  replaced  by 

'    and  tlie  mechanical  problem  is  equivalent  to  the  lotegratioa  of  the 
equation 

Ji^ =U+h 
where  J,^  is  the  differential  parameter  of  the  quadratic  fonn  de- 
noted before  by  ds'. 

A  detailed  exposition  of  the  above-mentioned  researches  of  Bel- 
trami, as  well  as  this  application  to  mechanics,  is  given  In  the  second 
volume  of  Darboux's  Lemons  $ur  la  t/Uorit  des  surjact*. 

Passing  now  to  the  second  part  of  my  address,  the  purely  ana- 
lytic theory  of  invarianta  of  differential  quadratics,  I  have  Grst 
to  discuss  that  paper  which  forms  the  foumlatiou  of  almost  all 
later  literature  on  the  subject;  Chriutoffel's  article  in  CrcUe's  Jour- 
nal, vol.  Lxx  (1870).  "Uebor  die  Transformation  der  homojE^enen 
Differentialausdriicke  des  zweiten  Grades." 

Christoffel  puts  his  problem  in  this  form:  Given  two  differential 
quadratics 

A  =Iaikdr<dXk  and  A'  =Sa'u4yidyk. 

^wbat  are  the  necessary  and  sufficient  conditions  for  the  equivalence 
>f  the  two  quadratics,  that  ia,  for  the  existence  of  a  transformation 
''of  one  qiiantic  into  the  other;  and  if  these  conditions  are  established 
_bow  can  the  required  transformation  be  determined?    (I  should  men- 
ion  that  Lam^  in  bis  already  quoted  work,  Lecom  9ur  let  coor- 
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dcnrUc*  eiiTvilignrA,  treats  and  solves  the  analogous  problem  for 
case  A  ~dx^  +dy^  +di'). 

Since  the  differentials  dz  are  substituted  linearly  in  terms  of  the 
dy  there  exists  one  and  only  one  algebraic  condition  for  the  trans- 
formation, namely, 

la'itl-r'iaal. 
This  condition  would  be  Bufiicicnt  if  the  coefficients  0^  and  the 
elements  of  the  determinant  r  were  constADts.  In  our  case,  how- 
ever, other  conditionit  must  be  BatisBed,  namely,  the  conditions  of 
intogrability  in  order  that  the  expressions  for  the  rfj's  are  com- 
plete differentials.  This  is  the  way  in  which  Christoffel  iiiiraduces 
his  problem  to  the  reader. 

The  diitiuulLy  lies  in  the  fact  that  the  integmbility  ronditiona 
lead  at  once  to  a  great  number  of  partial  difTerential  eijuatiuns  of 
an  apparently  highly  complex  character.  But  Chrisloffel  succeeds 
in  BubslitutiiiK  for  all  these  partial  differential  equations  a  purely 
algebraic  prublctn:  The  eijuivaluticc  of  two  finite  systems  of  alge- 
braic forms  in  the  sense  of  the  algebraic  theory  of  invarianta.  If 
this  ctjuivalence  is  satiafied.  —  which  is  merely  a  question  of  algtrbr«, 

—  no  further  diaouaaion  of  the  integrability  conditions  is  rwiuircd; 
they  are  all  taken  care  of  by  the  equivalence  of  the  two  systems. 

For  the  following  it  will  be  nccessarj-  to  sketch  briefly  the  char- 
acter of  these  forms. 

The  first  is  the  quadratic  fonn  A  itself.  The  aext  form  is  a  quad- 
rilinear  eovariant  G^  in  four  seta  of  difforcutiala  dj',  di*,  dx^,  d»*, 
the  coefficients  of  which  are  precisely  Ihc  quantities  {%  k  r  t)  —  the 
"CbristofTol  quadruple  index  symbols"  or  the  "Riemann  sj'mbals" 

—  which  occur  in  the  expression  for  the  Riemann  curvature: 

O,  -i(tJtr«)  d'x^^x^*x4%. 


It  is  highly  interesting  to  obsen-e  how  the  quantities  ( t  4  r  1 ) 
have  entered  into  the  theory  from  two  so  apparently  different  siand- 
poinls.  Chrifrtoffel  found  theM  exprcsBiona  quite  indepondonily. 
Though  Riemann 'h  paper  was  written  in  1861,  that  is.  before  C'liris- 
toffel's  article  which  appeared  in  1870.  it  was  only  published  in  1876, 
ten  years  after  Riemann's  death,  by  Weber- Dedekind. 

¥oT  the  deduction  of  the  following  forms  O,,  0,,  —  ...  —  theae 
forms  are  covariant.3  linear  in  resp.  *,  «,  .  .  .  sets  of  differentials  — 
ChrisinfTel  uses  a  certain  reduction  process.  The  roeflicionts  (i  iifcri) 
for  instanoo  of  Q^  are  obtaine<l  from  (t  kr  ti)  first  by  differentiating 
(«  ft  r  a)  with  respect  to  z^_  and  then  by  the  addition  of  a  sum  of  Sn 
tcrrrut  whirh  are  linear  in  the  difTemit  symbols  {i  h  r  n)  with  oo- 
efhcientfi  depending  on  the  so-called  Christoffel  triple  indf>x  sym- 
bols of  the  second  kind — expreasiona  involving  the  quantllitv 
otk  ftnd  their  fint  derivatives. 
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CoDtinuing  in  this  way  Cbristoffcl  obtains  a  weIl-4efiocd  set  of 
covahuntfi  O*,  Of,  ...  ,  and  this  is  his  fiual  result:  the  neccjssary 
and  sufficient  conditiou  for  the  equivalence  of  the  two  difftrential 
quadratics  is  the  algebraic  equivalence  —  id  the  sense  of  the  alge- 
braic theory  of  in  vahuDts —  of  the  forma  ,4,  <?,.'?,.  .  .  .  C^.andA', 
G',,  0\  .   .   .  G'^,  where  ju  is  a  certain  finite  number. 

In  several  papers  covering  the  period  from  about  1884  up  to  the 
present  time  Hicci  has  worked  out  in  a  ttyotematicat  way  the  funda- 
mental principles  of  CliristofTers  investigation,  and  h&a  applied  hid 
theory  to  many  problems  in  analygia,  geometry,  mechanica,  and 
mathematical  physics.  He  recognized  in  particular  the  imi>ortance 
of  Christoffel's  deduction  of  the  covarianlB  G^^^  from  G^.  He  found 
that  this  process  of  deduction  can  he  applied  with  a  proper  modifi- 
cation to  any  functions  of  the  x'a  and  the  a,i's  and  that  whenever 
invariantive  relationft  with  respect  to  the  fundamental  differential 
quadratic  A  come  into  question,  this  process  is  always  of  vital  im- 
portance. He  calls  thia  process  eorariantive  differentiation  with 
respect  to  the  fundamental  quadratic  A.  On  the  systematical  use 
of  this  covariantive  differentiation  Ricci  based  a  calculus  which  he 
called  CaicoUi  diffrretuiiaU  assoluta. 

A  coUeclioii  of  all  his  various  invesiigationa  is  given  in  two  places: 

(1)  In  a  paper  pulihshod,  together  with  Levi-Ctvitt&  in  the  Math, 
Atmalrn,  vol.  j.iv. 

(2)  In  his  I^timd  suUa  tetma  delle  superfirie,  Verona,  Padua,  1808. 
In  the  introduction  of  thi^c  autographed  lectures  he  presents  a 

complel*  exposition  of  his  al>8o!ute  difTerenlial  calculus.  Charac- 
teristic is  the  way  in  which  he  treats  in  his  /*f«oni  the  differential 
geometry.   He  divides  it  into  two  parta: 

(1)  Properties  of  surfaces  depending  on  the  one  differential  quad- 
ratic ds'. 

(2)  I'ropertics  of  surfaces  depending  on  the  two  quadratica 

ds*  and — . 
-  P 

'e  are  here  chiefly  interested  in  his  applications  (o  the  theory  of 

differential  invariants.    This  is  the  result  in  bis  language:  In  order 

to  obtain  all  invariant*  proper  and  differential  parameters  of  order  ft, 

it  is  sufficient  to  determine  the  algebraic  invarianta  of  the  system 

of  the  following  forms: 

(1)  The  fundamental  differential  quantio  A. 

(2)  The  covariantive  dcrivntivM  of  the  arbitrary  functions 

t/,  V,  ...  up  to  the  order  /(. 

(3)  (for  p>i)  the  quadrillnear  covariant  0,  and  its  covariantive 
derivatives  up  to  the  order  ft— 2. 

Another  treatment  of  the  invariant  theory  of  differential  quan- 


528  ALGEBRA  AND  ANALYSIS 

tics  was  given  by  myself.  I  applied  a  symbolic  method  to  the  theory 
which  consists  chiefly  in  identifying  the  fundamental  quadratic 

Saitdxfdxif 
with  the  square  of  a  linear  expression 

(IfifiXi}' 

by  Betting  Uh=°^k-  This  is  strictly  analogous  to  the  introduction  of 
symbols  in  the  algebraic  theory.  The  difference,  of  course,  comes 
in  at  once  when  we  have  to  consider  also  the  derivatives  of  o,*. 

A  systematic  development  leads  to  expressions  and  formulas 
which  with  fespect  to  simplicity  and  shortness  are  as  superior  to 
the  formulas  of  the  ordinary  notation  as  the  formulas  of  the  so- 
called  symbolic  notation  in  the  algebraic  theory  are  superior  to  the 
non-symbolic  expressions. 

As  examples  I  give  the  most  important  invariant  expresaions 
for  the  case  n=2. 

Let  us  introduce  the  abbreviation 

I  *p 

(P.  Q.  -P,  Q. )  ={PQ),  where  Pa=—  etc.; 


VauQii  — 0^1  dx]c 

let  further  /,  ^,  ^  .  .  .  be  symbols  of  ^ ,  so  that 

and  let  (7,  V  .  .  .  be  arbitrary  functions  of  x^,  x,. 
Then  we  have 

(fuy=j,  U, 

{fU){m=r(UV), 

(fifU))    =J,  (7, 
if'l')  {(}<P)  (/v'O)    =2A'  (Gaussian  curvature), 
(fip)  (<pU)  ((fU)U)  :  (Ji  U)^  =Geodosic  curvature  of  curve  U  =const. 
To  give  also  some  examples  of  simultaneous  invariant  expressions 
let  f,  <p,  .  .  .  he  as  before  symbols  of 

Edu'+2Fdudv+Gdv^ 
and  F,  ^  .  .  .  symbols  of 

Ldu-'+2Mditdv+Ndv^, 
Tlien : 

{F0y  =  2K. 
(/F)'  =  mean  cun'ature. 
The  differential  equations 

of  asymptotic  curves  U  —c  are  {FUy=0, 
of  conjugate  curves  U  =c,  V  =c:    (FV){FV)  =0, 
of  lines  of  curvature  U==c:    (fF)(IV)(FU)  -0. 
The  equation  (fc)('fF)(^(fif)U)  =0  gives  the  two  Cadazzi  formulas 
by  setting  the  coefficients  of  U,  and  V,  separately  ecjual  to  zero. 

In  these  examples  the  invariant  expressions  always  appear  as 
products  of  factors  of  the  type  (PR).  The  general  theorem  holds 
that  any  product  of  factors  of  this  type  represents  always  an  in- 
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variaDl  expression  pro^-idcd  that  the  symbols/,  ^, . . .  ,  F,  ^,  . .  . 
occur  in  such  d  connection  as  to  permit  actual  meaning. 

The  symbolic  representation  of  invariant  expressions  suggested 
by  the  case  n»2  can  without  essential  difficulty  be  extended  to  the 
general  case  of  n  variables.  In  this  treatment  of  the  subject  all  the 
CBsential  quantities  entering  into  the  theorj'  present  themselves  quite 
naturally;  they  lie,  so  to  say,  on  the  surface;  so,  for  instance,  all  the 
Christoffel  symbols  of  the  different  kinds  including  the  RJcmann 
symbols  and  in  particular  also  the  process  of  covariantive  differ- 
eotiation. 

The  results  of  my  investigation  are  chiefly  lud  down  in  the  paper 
"A  aymbolic  treatment  of  the  theory  of  invanants  of  quadratic 
differential  quantics  of  n  variables,"  TransaHiona  of  the  American 
Matfiematicai  Soeinty,  vol.  iv. 

A  third  method  of  investigation  of  our  theory  of  invariants  is 
baeed  on  Lie's  theory  of  continuous  groups.  The  general  point 
transformation  by  which  A  m  transformed  into  A'  defines  a  so- 
called  " infinite"  continuous  group.  In  order  to  obtain  the  invari- 
ants of  A,  this  group  muBt  firut  be  "extended"  in  Lie's  sense  to 
include  the  coeflicients  a^  of  ^4  and  also  the  arbitrary  functions 
involved  in  the  differential  parameters. 

Lie  hiniHcir  developed  a  short  outline  of  the  determination  of 
invariants  in  the  second  volume  of  the  Mathematische  Annalen  for 
the  case  n  =  2,  and  indicated  in  particular  how  the  Gaussian  curv- 
ature and  the  parameter  Jiip  could  be  found.  The  general  plan  of 
investigation  vraa  taken  up  in  the  sixteenth  volume  of  the  Acta 
Maihematiea  by  Zorawski,  who  studied  the  case  n =2  in  detail,  adding 
the  complete  computation  of  the  Gaussian  curvature  and  the  moat 
important  differential  parameters. 

An  extension  of  Lie's  methods  to  the  general  caae  of  n  variables 
as  far  as  the  actual  determination  of  invariants  is  concerned  has, 
BO  far  as  I  know,  not  yet  tieen  made;  only  the  problem  of  deter- 
mining the  number  of  functionally  independent  invariants  of  a  given 
i.<ttder  has  been  taken  up.  It  seems  that  Lie's  method  is  especially 
adapted  to  this  particular  problem.  In  a  paper  in  the  AUi  del 
Reale  Instituto  Venelo  (1897) ,  Levi-CivittA  found  a  lower  limit  for  the 
niunber  of  invariants  of  a  given  order.  The  actual  number  was 
determined  by  Haskins  in  the  TraTiaactiota  of  the  American  Mathe- 
matical Society,  vol.  ill,  for  the  case  of  invariants  proper  (including 
also  simultaneous  invariants)  and  in  voL  v,  of  differential  parameters. 


I  am  at  the  end  of  my  paper.  I  have  attempted  to  ahow,  in  a 
compendious  way,  what  has  been  done  in  this  attractive  field  of 
research  which  is  so  closely  connected  with  various  interesting  parts 


630  ALGEBRA  AND  ANALYSIS 

of  pure  and  applied  mathematics.  The  number  of  problems  that  re- 
miun  to  be  solved  are  numerous.  Excepting  the  lowest  oases  as  to 
the  number  of  variables  and  the  order  of  the  invariants,  not  much 
more  than  the  mere  ezistenoe  of  the  invariants  is  known,  so  that 
we  have  hardly  the  right  to  speak  of  a  theory  of  these  invariants. 

When  it  oomes  to  the  question  which  of  the  different  methods 
will  be  best  adapted  to  a  further  systematical  study  of  the  subject, 
it  seems  probable  that  a  combination  of  two  or  more  of  them  will 
be  the  most  promising  one.  But  here,  as  always,  it  is  the  man,  not 
the  method,  that  solves  the  problem. 


SHORT  PAPERS 

The  Section  of  Algebra  and  AmUynB  attracted  wide  inter«8t  and  caused  nuuay 
BUpplementaiy  papera  on  various  topics  to  be  aubmitted.  It  is  impoaaible  to  give 
a  r6aum£  of  these,  aa  their  analytical  nature  demands  that  they  be  printed  in  full 
or  not  at  all. 

The  fiiBt  paper  was  presented  by  Professor  Q.  A.  Miller,  of  Leland  Stanford  Jr. 
University,  on  the  "  Bearing  of  Several  Recent  Theorems  on  G^up  Theory." 

The  second  paper  was  read  by  Professor  James  Bimey  Shaw,  of  Hilliken 
University,  on  "Linear  Associative  Algebra." 

The  ttitrd  paper  was  presented  by  Professor  M.  W.  Haslcell,  of  the  Univeruty 
of  California,  on  "  The  Reduction  of  any  CoUineation  to  a  Product  of  Perspect- 
ive Collineations." 

The  fourth  paper  was  presented  by  Professor  H.  B.  Porter,  of  the  Unlveruty 
of  Texas,  "On  Functions  defined  by  an  Infimte  Boies  of  Analytic  Functions 
of  a  Complex  Variable." 

llie  fifth  paper  was  presented  by  Professor  Edward  V.  Huntington,  of  Harvard 
University,  on  "A  Set  of  Postulates  for  Heal  Algebra  oomprinng  Postulates  for 
a  One  Dimensional  Continuum  and  for  the  Theory  of  Groups." 

The  sixth  paper  was  presented  by  Profenor  J.  L  Hutchinson,  of  Cornell  Urn- 
versity,  on  "  Uniformiiing  of  Algebraic  Functions." 

The  seventh  paper  was  read  by  Professor  E.  R.  Hedrick,  of  the  Univeraity  of 
Missouri,  on  "  Generalisation  of  the  Analjrtio  Functions  of  a  Complex  Variable." 
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Rational  Mechanira  and  liieher  Geometry',  The  Sorbonne,  187}-ol;  aioee 
IfiSl.  I*rorf«sorTitulaire  of  tnn  Faculty  of  Scienc-ce,  and  Doyen  of  tbn  Fac- 
ulty of  ^cir-ncps  ainc(>  IH89;  alao  Profe-wor  in  ilichur  Normal  School  for 
8«boolB  of  tjcieoce;  Member  of  Bureau  dea  Lon^titudesj  IVe«id«nt  of  the 
First  Gcnc^ral  ABaemblyof  the  Intomationol  Awaciationof  AcademicH;  and 
Honorary  VirR-Pre«id«nt  for  trance  of  the  Conf^reM  ot  Arta  and  Science: 
Uetnber  of  lnsiitut«  of  France,  Koyal  Society  of  London;  Academtea  vf 
Berlin,  St.  Pptersburg.  Rom*.  Amalerdnm,  Munich,  Stockholm;  American 
Philowphical  Society,  et  a!.  Author  of  many  publicationa  and  nddrcaact 
oa  Mftlncmatics,  and  editor  of  the  SuQeh'n  of  Science  of  Umthtmatict.\ 


To  apprpciate  the  progress  geometrj'  has  made  during  the  cen- 
tury just  ended,  it  ifl  of  advantage  to  cast  a  rapid  ^nce  over  the 
state  of  matliematical  science  at  the  beginning  of  the  nineteenth 
century. 

We  know  that,  in  the  last  period  of  his  hfe,  Lagrange,  fatigued  by 
the  researches  in  analysis  and  mechanics,  which  assured  him,  howcTer, 
an  immortal  glory,  neglected  mathematics  for  chemistry  (which, 
acoording  to  him,  was  easy  as  algebra),  for  physics,  for  philoaophio 
speculations. 

This  mood  of  Lagrange  we  almost  always  find  at  certain  moments 
of  the  life  of  the  greatrst  savants.  The  new  ideas  which  came  to 
them  in  the  fecimd  period  of  youth  and  which  they  introduced  into 
th«  common  domain  have  given  them  all  they  could  have  expected ; 
they  have  fulfilled  their  task  and  feel  the  need  of  taming  their 


53e 

mental  activity  towards  wholly  new  subjects.  This  nenl,  as  we 
recognize,  manifested  itself  with  particular  force  at  the  epoch  of  La- 
grange. At  this  moment,  in  fact,  the  programme  of  researches  opened 
to  geometers  by  the  discovery  of  the  infinitesimal  calculus  appeared 
very  nearly  finished  up.  Some  differential  equations  more  or  less 
complicated  to  integrate,  some  chapters  to  add  to  the  integral 
calculus,  and  one  seemed  about  to  touch  the  very  outmost  bounds 
of  science. 

Laplace  had  achieved  the  explanation  of  the  system  of  the  world 
and  laid  the  foundations  of  molecular  physics.  New  ways  opened 
before  the  experimental  sciences  and  prepared  the  astonishing 
development  they  received  in  the  course  of  the  century  just  ended. 
Ampdre,  Poisson,  l-'ourier,  and  Cauchy  himself,  the  creator  of  the 
theory  of  imaginaries,  were  occupied  above  all  in  studying  the  appli- 
cation of  the  analytic  methods  to  molecular  physics,  and  seemed  to 
believe  that  outside  this  new  domain,  which  they  hastened  to  cover, 
the  outlines  of  theory  and  science  were  finally  fixed. 

Modem  geometry,  a  glory  we  must  claim  for  it,  came,  after  the 
end  of  the  eighteenth  century,  to  contribute  in  large  measure  to  the 
renewing  of  all  mathematical  science,  by  offering  to  research  a  way 
new  and  fertile,  and  above  all  in  showing  us,  by  brilliant  successes, 
that  general  methods  are  not  everything  in  science,  and  that  even 
in  the  eimpletit  subject  there  is  much  for  an  ingenious  and  inventive 
mind  to  do. 

The  beautiful  geometric  dcmonsf  rations  of  Huygens,  of  Newton, 
and  of  Clairaut  were  forgotten  or  neglected.  The  fine  idefts  introduced 
by  Desa^ues  and  Pascal  had  remained  without  development  and 
appeared  to  have  fallen  on  sterile  ground. 

Camot,  by  his  Essai  rur  let  transversata  and  his  Qfomitric  de 
position,  above  all  Monge,  by  the  creation  of  descriptive  geometry 
and  by  his  beautiful  theories  on  the  generation  of  surfaoes,  came  to 
renew  a  chain  which  seemed  broken.  Thanks  to  them,  Uie  conceptions 
of  the  inventors  of  analytic  geometry,  Descartes  and  Fermat,  retook 
alongside  the  infinitesimal  calculus  of  Leibnitz  and  Newton  the  place 
they  had  lost,  yet  should  never  have  ceased  to  occupy.  With  hi^ 
geometry,  said  Lagrange,  speaking  of  Monge,  this  demon  of  a  man 
will  make  himself  immortal. 

.\nd,  in  fact,  not  only  has  descriptive  geometry  made  it  possible 
to  coordinate  and  perfect  the  procedures  employed  in  all  the  arts 
where  precierion  of  form  is  a  condition  of  success  and  of  cxeelK<non  Tot 
the  work  and  its  products;  but  it  appealed  as  the  graphic  translation 
of  a  geometry,  general  and  purely  rational,  of  which  numerous  and 
important  researches  have  demonstrated  the  happy  fertility. 

Moreover,  beside  the  Gttrmftrie  detcripHre  we  must  not  Foig^t 
to  place  that  other  masterpiece,  the  Application  de  Vanaiift*  A  Is 
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giaaUin$ ;  Dor  sikoald  we  forget  that  to  Monge  ue  due  tltc  BOtiou 
of  fines  or  eurrature  and  the  elegant  iategntioa  of  the  diffpirnttal 
eqmtioii  of  these  lines  for  the  ease  of  die  elfipeoid,  which,  it  \a  aakl, 
Lagrange  envied  him.  To  be  stressed  is  this  chatacter  of  unity  of  the 
vork  of  Monge. 

The  renewtr  of  modem  geometiy  has  shown  us  from  the  beginning, 
what  his  successors  have  pertiaps  forgotten,  that  the  alliance  of 
ijeometf}'  and  analysis  is  useful  and  fruitful,  that  this  alliano«  to 
perhaps  for  each  a  condition  of  success. 


n 

In  the  school  of  Monge  were  formed  many  gecimctcre:  Hschett^, 
Brianchon,  Chappuis,  Binet,  Lancret,  Dupin,  Malus,  Ciaultier  de 
Tours,  Poncolet,  Chasles,  cl  al.  Among  these  Poncclct  takes  first 
rank.  Ne^ecting,  in  the  works  of  Monge.  everything  pertaining  to 
the  analysis  of  Descartes  or  concerning  infinitesimal  g^'omutry.  he 
devoted  himself  exclusively  to  developing  the  gcrmii  contained  in 
the  purely  geometric  researches  of  his  illustrioxis  prodceeasor. 

Made  prisoner  by  the  Russians  in  18 13  at  the  passage  of  the  l>nippcr 
and  incarcerated  at  Saratoff,  Poncelet  employed  the  leisure  CBptivity 
left  him  in  the  demonstration  of  the  principles  which  he  has  developed 
in  the  Traiti  rfes  propntUi  prcjecHt^^  de»  ;iyurf«,  ismiod  in  1S22, 
and  in  the  great  memoirs  on  reciprocal  polars  and  on  liamiuuio 
means,  wliich  go  back  nearly  to  the  same  o|)och.  So  we  may  nay  the 
modem  geometry  was  bom  at  SaratoH. 

Renewing  the  chain  broken  since  Pascal  and  Dcaargum,  Poncelet 
introduced  at  the  same  time  homology  and  reciprocal  pulan,  putting 
thus  in  evidence,  from  the  beginning,  the  fruitful  ideas  on  which  the 
science  has  evolved  during  fifty  years. 

Presented  in  opposition  to  analytic  geometry,  the  mctliodsof  Ponre* 
let  were  not  favorably  received  by  the  French  analysts.  But  such 
were  thetr  importance  and  their  novelty,  that  without  delay  they 
aroused,  from  divers  »des,  tlie  most  profound  researches. 

Poncelet  bad  been  alone  in  discovering  th»  principle*;  on  the 
contrary,  many  geometers  appeared  almost  simultaneously  to  study 
them  on  all  sides  and  to  deduce  from  them  the  essential  results  which 
they  implicitly  contained. 

At  this  ("poch.  Gergonne  was  brilliantly  editing  a  periodical  whirh 
has  to^ay  for  the  history  of  geomctn.*  an  inestimable  valtjo.  The 
Aimalf^  fir  MathimatiqutM,  published  at  Nimes  from  ISIO  to  1831, 
was  durinjE  more  than  fifteen  yeani  the  only  Journal  in  the  entire 
world  devoted  exclusively  to  mathematical  researches. 

Gergonne,  who,  in  many  regards,  was  a  modd  editor  for  a  ielenll- 
fic  journal,  had  the  defects  of  his  qualitici;  be  eolUborattd,  ofteit 
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against  their  will,  with  the  authora  of  the  memoirs  sent  him,  rewrote 
them,  and  aometimes  made  then)  say  more  ur  less  than  they  would 
have  wished.  Be  that  as  it  may,  he  was  greatly  struck  by  the  origiii* 
ality  and  range  of  Poncelet's  discoveries. 

In  geometry-  some  simple  methods  of  transformation  of  figures 
were  already  known;  homology  even  had  been  employed  in  the  plane, 
but  without  extending  it  to  epace.  as  did  Poncelet,  and  especially 
without  recognizing  its  power  and  fruitfulness.  Moreover,  all  these 
transformations  were  puTiciual ;  that  is  to  say,  they  made  correapond 
a  point  to  a  point. 

In  introducing  polar  reciprocals.  Poncelet  was  in  the  highest 
degree  creative,  because  he  gave  the  first  example  of  a  transformation 
in  which  to  a  point  curreHpondcd  sumothing  other  than  a  point. 

Every  method  of  tninsfonnatiou  enables  ua  to  multiply  the  num- 
ber  of  theorems,  but  that  of  polar  reciprocals  had  the  advantage  of 
making  correspond  tu  a  proposition  another  propoeittoo  of  wholly 
different  aspect.  This  was  a  fact  esseutially  new.  To  put  it  in  evi- 
dence, Gei;gonne  invented  the  system,  which  since  has  had  so  mueb 
BUOoess,  of  menioire  printed  in  double  columns  with  correlative 
piopoeitions  iu  juAtajmsition;  and  be  had  the  idea  of  substituting 
for  Poncelet's  demunstratiuiis,  which  rctjuired  an  intenuediar)- 
curve  or  surface  of  the  second  degree,  the  famous  "piinoiple  of 
duality,"  of  which  the  signification,  a  little  vague  at  first,  was  auffi- 
cienily  cleared  up  by  the  discussions  which  took  place  on  this  subject 
betwef:n  Clergonne,  Poncelet,  and  Pliieckcr. 

Bobllticr,  Charles.  Steincr,  Lam^,  Sturm,  and  many  others  whon 
names  escape  me,  were,  at  the  same  time  as  Pluecker  and  Ponodel, 
aasiduous  collaborators  of  the  Antu^de  MaOi^maii^ei.  Gergonne, 
having  become  rector  of  the  Academy  of  Mftntpellier,  was  forced  to 
suspend  in  1831  the  publication  of  his  jounial.  But  the  success  it  had 
obtained,  the  taaie  for  research  it  lutd  conlrihut'ed  to  <levelop,  had 
cotamcnced  to  bear  their  fniit.  Qui^leJet  liiul  cj^tablished  in  Belgjum 
the  Correapondance  nutUUmatique  el  physique.  Crolle,  from  1S26. 
brought  out  at  Berlin  the  first  sheets  of  his  celebratwl  juuraal,  where 
be  published  the  memoirs  of  Abel,  of  Jacobi,  of  i^teioer. 

A  great  number  of  separate  works  be^an  also  to  appear,  wbeniu 
the  principles  of  modem  geometry  were  powerfully  expounded  and 
developed. 

First  came  in  1S27  the  BarycentrUcfie  CaJeul  of  Moebiua,  a  work 
truly  ori^nal,  remarkable  for  the  profundity  of  ita  coneeptioDB,  thf 
elegance  and  the  rigor  of  its  exposition;  then  in  1&2S  the  AmiiyHacK- 
geomelriMehe  ETUwiekclunifen  of  Pluecker,  of  which  the  second  part 
appeared  in  1831,  and  which  was  soon  followed  by  the  Sjfttea  dtr 
anaivtischen  Oevmttrie  of  the  same  author,  published  at  Bartin 
IS3S. 
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In  1S32  Steinor  brought  out  at  Berlin  his  great  work:  Syttemai- 
'inehe  Entwickelung  der  AhfuungigkHt  der  geomttriseJien  GetitalUn  von 
dnander,  and,  the  following  year,  Dit  geometrurMen  Konstmktwnen 
auagefuchrt  mitteU  der  geraden  Lime  und  eitics  fatten  KreiaeM,  where 
w*«  confirmed  by  the  most  elegant  examples  a  proposition  of  Pon- 
celet's  relative  to  the  employment  of  a  single  circle  for  the  geometric 
conatruetiona. 

Finally,  in  1830,  Chaalea  sent  to  the  Academy  of  Brussels,  which 
happily  inspired  had  offered  a  prize  for  a  study  of  the  principles  of 
modem  geometry,  his  celebrated  Aperfu  hUtarique  aur  l'origin$  ct 
le  d£odoppem6iU  des  nUthodea  en  gfomitrie,  followed  by  Mfmaire 
«ur  deux  prindpes  g^niraux  de  la  science  :  la  dtudiUl  ei  Vhomograpkie, 
which  was  published  only  in  1837. 

Hme  would  fail  us  to  give  a  worthy  appreciation  of  these  beautiful 
works  and  to  apportion  the  share  of  each.  Moreover,  to  what  would 
such  a  study  conduct  ua,  but  to  a  new  verification  of  the  general  laws 
of  the  development  of  science?  When  the  times  are  ripe,  when  the 
fundamental  principles  have  been  rccogniKed  and  enunciated,  nothing 
stops  the  march  of  ideas ;  the  same  discoverioe,  or  tUscoverius  aloioet 
equivalent,  appear  at  nearly  the  same  instant,  and  in  places  the  most 
diverae.  Without  undertaking  a  discussion  of  this  aort,.  which,  besides, 
might  appear  oselees  or  become  irritating,  it  is,  however,  of  import- 
ance to  bring  out  a  fundamental  dilTercncc  between  the  tendencies 
of  the  great  geometers,  who,  about  I&30,  gave  to  geometry  a  scope 
before  unknown.  _ 


m 

Some,  like  Chasles  and  Steiner,  who  consecrated  their  entire  Uvea 
to  rcficarcb  in  pure  geometry  opposed  what  they  colled  ayniheais  to 
artalyna,  and,  adapting  in  the  ensemble  if  not  in  detail  the  tendencies 
of  Poncelct,  proposed  to  constitute  an  independent  doctrine,  rival  of 
Descartes 'b  analysis. 

\  Fonoelet  could  not  content  himself  with  the  inaufiicient  resources 
furnished  by  the  method  of  projections;  to  attain  imaginaries  he 
created  that  famous  principle  of  continuity  which  gave  birth  to  such 
long  discussions  between  him  and  Cauchy. 

Suitably  enunciated,  this  principle  is  excellent  and  can  render 
great  service.  Poncelet  was  MTong  in  refusing  to  present  it  as  a  simple 
consequence  of  analysis;  and  Cauchy,  on  the  other  hand,  was  not 
willing  to  recognise  that  his  own  objectiaDa,  applicable  without 
doubt  to  certain  transcendent  figures,  were  without  force  in  the 
applicBtiona  made  by  the  author  of  the  Traits  d«  propriiUi  pro- 
jective*. 

Whatever  be  the  opinion  of  such  a  discuiaioo,  it  showed  at  least 
in  the  ele&retit  manner  that  the  geometric  system  of  Poucelet  reHted. 
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on  an  analytic  fouDdatiOD,  and  besides  we  know,  by  the  untoward 
publication  of  the  manuscripta  of  Saratoff,  that  by  the  aid  of 
Descartes's  analyeda  were  established  the  principles  which  serve  u 
foundation  for  the  TraiU  des  jjroprifU^  projectives. 

Younger  than  Poncelet,  who  berides  abandoned  geometry  for 
mechatiica  where  his  works  had  a  preponderant  influence,  Chaalea. 
for  whom  was  creatod  in  1847  a  chair  of  GionUtrU  tupfrieurt  in  the 
Faculty  of  Science  of  Paris,  endeavored  to  constitute  a  geometric 
doctrine  entirely  independent  and  autonomous.  Be  has  expounded 
it  in  two  works  of  high  importance,  the  Tr<dU  de  gfomttrU  t%tpf- 
rieure,  which  dates  from  1852,  and  the  TroiU  des  iecHom  coniquet, 
unhappily  unfinished  and  of  which  the  first  part  alone  appeared  to 
1865. 

In  the  preface  of  the  first  of  these  works  he  indicates  very  dearly 
the  three  fundamental  points  which  permit  the  new  doctrine  to  share 
the  advantages  of  analysis  and  which  to  him  appear  to  mark  an 
advance  in  the  cultivation  of  the  science.  These  are;  (1)  The  intro- 
duction of  the  principle  of  signs,  which  simplifies  at  once  the  enuncia- 
tions and  the  demonstrations,  and  gives  to  Camot's  analysis  of  trans- 
versals all  the  scope  of  which  it  is  susceptible;  (2)  the  introduction  of 
imaginarics,  which  supplies  the  place  of  the  principle  of  continuity 
and  furnishes  demonstrations  as  general  as  those  of  analytic  geo- 
metry; (3)  the  simultaneous  demonstration  of  propositions  which  are 
correlative,  that  is  to  say,  which  correspond  in  virtue  of  the  principle 
of  duality. 

Chasles  studies  indeed  in  his  work  homography  and  correlation; 
but  he  avoids  systematically  in  his  exposition  the  employment  of 
tr&DBformations  of  figures,  which,  he  thinks,  cannot  take  the  place  of 
direct  demonstrations  since  they  mask  the  origin  and  the  true  nature 
of  the  properties  obtained  by  their  means. 

There  is  truth  in  this  judgment,  but  the  advance  itself  of  the  science 
permits  us  to  declare  it  too  severe.  If  it  happens  often  that,  em- 
ployed without  discernment,  transformations  multiply  uselessly  the 
number  of  theorems,  it  must  be  recognized  that  they  often  aid  us  to 
better  understand  the  nature  of  the  propositions  even  to  which  they 
have  been  applied.  Is  it  not  the  employment  of  Poncelet's  projection 
which  has  led  to  the  so  fruitful  distinction  between  projective  proper- 
ties and  metric  properties,  which  has  taught  us  also  the  high  imports 
ance  of  that  cross-ratio  whose  enential  property  ks  found  already 
in  Pappus,  and  of  which  the  fundamental  r^Me  has  begun  to  appear 
after  fifteen  centuries  only  in  the  researches  of  modem  geometry? 

The  introduction  of  the  principle  of  signs  was  not  so  new  as  ChaalM 
supposed  at  the  time  he  wrote  his  TraiU  rf«  OitmUtrU  ttupfrieure. 

Mocbiiis,  in  his  Bartftmiritchi  Ceiml,  had  already  given  issue  to 
X  daideratum  of  Caniot,  and  employed  the  sigua  In  a  way  the  Urgevt 
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{■raw,  ^****'"C  Cor  the  fiist  tiar  tlw  toga  of  A 


■adeveo  tiitt  of  ah  ariA. 

IiBter  be  BBeondod  in  extCB^BK  tte  w  of  s^h  to  ImcllMt  fttti 
ludoffontlwflUDestzmigtkk  tiaa  uid  to  M^m  noi  fiAnaed  lAtoM  Ih* 
Himn  poini. 

H^itM**  Gnasmum,  whoae  mind  hu  so  mach  uiAkigy  la  UuU  of 
lio^tiBylud  neccaaarily  emptejred  the  prineipfeof  ngMinttwMUit- 
tioDB  whidi  aenre  as  basis  for  his  methods,  so  origuuU,  of  stndylnc 
the  properties  of  space. 

Hie  second  dunoterisUo  which  Chaalea  tmi^im  lo  bb  ■yslcm  itf 
geometrjr  is  the  cm[rioyment  of  inu^iariea.  Hera,  hb  meUiiHl  was 
really  new,  and  he  illustrates  it  by  exauiplus  or  high  tnturvsl.  One  will 
always  admire  the  beautiful  theorice  he  has  Ml  us  on  haino(ot-«l 
surfaces  of  the  second  degree,  where  ail  the  known  prappriini  urnl 
others  new,  as  varied  as  elegant,  flow  from  the  gcnurel  prinoipli;  Uial 
they  are  inscribed  in  the  same  devt>lup«blc  airoumsorUwd  lo  the 
circle  at  infinity. 
i  But  Chaslcs  introduced  ima^naciOB  only  by  their  symmrlrio  funiu 
tions,  and  oonsequently  would  not  have  boon  able  to  tlvlino  tlin  croiuh- 
ratio  of  four  elements  when  these  oeasod  to  bo  real  in  whulo  or  In 
part.  If  Cbaslcs  had  been  able  tu  estabUiih  the  itotlon  of  tliu  croiw- 
ntio  of  imaginary  elements,  a  formula  ho  givw  in  the  (I4mn»tn* 
mtp^ieure  (p.  118  of  the  new  edition)  would  have  lintmslintrly 
furnished  him  that  beautiful  dcHiiition  of  angle  as  IngHrtttiin  of  a 
cross-ratio  which  enabled  Laguerre,  our  rcgn'tt^xl  i;oiifr6ru,  to  give 
the  complete  solution,  sought  so  long,  of  tlie  problem  of  llin  trans- 
formation of  relations  which  contain  at  the  same  tiriHi  ongli's  and 
segments  in  homography  and  correlation. 

Like  Chaales,  Steiner,  the  great  and  pnifoutid  gpomnti<r,  f(illowr<l 
the  way  of  pure  geometry;  but  ho  baa  Rejected  to  givf  im  a  cnniplptn 
exposiUon  of  tlie  methods  upon  which  ho  depenilctl.  llowiwrr,  i\\vy 
may  bo  chorsciej-ized  by  saying  that  they  rest  upon  tbo  intnMluoLmn 
of  thoeo  elero«]tary  geometric  forma  which  DeaarfUiM  \\tu\  ainwiy 
considered,  on  the  development  he  was  able  to  give  to  IVibilllnr'i 
theory  of  polars,  and  finally  on  the  cooatnieilon  of  curvcM  and  sur- 
faces of  higher  decrees  by  the  aid  of  ahsavn  or  oeU  of  ourvn  of 
lower  orders.  In  default  of  recent  resranthni,  aiuilyiiiii  wf;uUl  lufftDS 
to  show  that  the  field  thus  embraced  haa  just  tbn  frxlonl  of  that  lato 
vhieh  the  aoaJyats  of  Descartes  introduca  na  without  sffort, 

IV 

While  Chaslca,  Stetner,  aod,  Utvr,  is  wv  shall  sm,  von  HUudl,  wmrm 
ioteot  on  oolMtitiiliiic  a  rival  doethiw  to  Mulyais  and  sat  Ja  msm 
sort  altar  aciinst  altar,  Oovdod*,  BoWffiar,  SCuno,  Md  nbovv  All 
Floecker ,  petfeeted  th«  caoawtry  of  I>ca«krt«i  Md 
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analytic  sy8t<eni  in  a  manner  adequate  to  the  discoveries  of  tbe 
geomctere.  It  is  to  Bobillicr  and  to  Huecker  that  we  owe  tbe  method 
e&Ued  tU/ridged  notation.  Bobillier  consecrated  to  it  some  pages  truly 
new  in  the  last  volumes  of  the  Annates  of  Gcrgonne. 

Plueoker  commenced  to  dt^vclop  it  in  his  first  work,  soon  followed 
by  a  series  of  works  where  are  c^jlablishcd  in  a  fully  conscious  maimer 
the  foundations  of  the  modem  analytic  geometry.  It  is  to  him  that 
we  owe  tangential  codrdinates,  trillncar  codrdinates,  employed  with 
homogeneous  equations,  and  finally  the  employment  of  canonical 
forms  whoBC  validity  was  recognized  by  the  method,  so  deceptive 
sometimes,  but  so  fruitful,  called  the  enumeration  of  eonalantt. 

All  these  happy  acquisitions  infused  new  blood  into  Deecartea'e 
analyns  and  put  it  in  condition  to  give  their  full  signification  to  the 
conceptions  of  which  the  geometry  called  synih^c  had  been  unable 
to  moke  itself  completely  mistress. 

Plueckor,  to  whom  it  is  mthout  doubt  just  to  adjoin  Bobillier, 
carried  oEt  by  a  premature  death,  should  be  regarded  as  the  veritable 
initiator  of  those  methods  of  modem  analysis  whore  the  employment 
of  homogeneous  coordinates  permits  treating  simultaneously  andj 
so  to  say^  mtbont  the  reader  percei^Tng  it,  together  with  one  figure 
all  those  deducible  from  it  by  bomography  and  correlation. 


Parting  from  this  moment,  a  period  opens  brilliant  for  geometric 
researches  of  every  nature. 

The  analysts  interpret  all  their  results  and  are  occupied  in  trans^ 
lating  them  by  constructions. 

The  geometers  are  intent  on  discovering  m  every  question 
genera!  principle,  usually  undemonstrable  without  the  aid  of  ana- 
lysis, in  order  to  make  flow  from  it  without  effort  a  crowd  of  particu- 
lar consequences,  solidly  bound  to  one  another  and  to  the  principle 
whence  they  are  derived.  Otto  Hesse,  brilliant  disciple  of  Jaoobi, 
develops  in  an  admirable  manner  that  method  of  homogeneous 
coordinates  to  which  Huecker  perhaps  had  not  attached  its  full 
value.  Boole  discovers  in  the  polars  of  Bobillier  tbe  first  notion  of 
a  covariant;  the  theory  of  forms  is  created  by  the  labors  of  Cayley, 
Sylvester,  Hertnite,  Brioaclii.  Later  Aronhold,  Clebsch  and  Qordan, 
and  other  geometers  still  living,  gave  to  it  its  final  notation,  estate 
lished  the  fundamental  theorem  relative  to  the  limitation  of  tb« 
number  of  covariant  forms  and  so  gave  it  alt  its  amplitude. 

The  theory  of  surfaces  of  the  second  order,  built  up  principally 
by  the  school  of  Monge,  was  enriched  by  a  multitude  of  elegaat 
properties,  established  pHneipally  by  0.  nnse,  who  found  Ut«r  Id 
Paul  Serret  a  worthy  emulator  and  continuer. 
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The  properties  of  the  polars  of  algebraic  ourvea  are  developed  by 
Pluecker  and  above  all  by  Steiner.  The  study,  already  old,  of  curves 
of  the  third  order  is  rejuvenated  and  enriched  by  a  crowd  of  now 
elemente.  Steiner,  the  first,  studies  by  pure  geometry  the  double 
tangents  of  curves  of  ihe  fourth  order,  and  Hesse,  after  hixn,  applies 
the  methods  of  algt^bra  to  this  beautiful  question,  as  w^  as  to  that 
of  points  of  inflection  of  curves  of  the  third  order. 

The  notion  of  clogs  introduced  by  fiergonne,  the  study  of  a  para- 
dox in  part  elucidated  by  Poncelet  and  relative  to  the  respective 
degrees  of  two  curves  reciprocal  polars  one  of  the  other,  give  birth 
to  the  researches  of  lluecker  relative  to  the  singularities  called  ordi- 
nary of  ulgebraJc  plane  curves.  The  celebrated  formulas  to  which 
Pluecker  is  thus  conducted  are  later  extended  by  Cayley  and  by 
other  geometers  to  algebraic  skew  curves,  by  Cayley  again  and  by 
Salmon  to  algebraic  surfaces. 

The  singularities  of  higher  order  are  in  thdr  turn  taken  up  by 
the  geometers;  contrary  to  an  opinion  then  very  ftidespread,  Hal- 
phen  demonstrates  thut  each  of  these  singularities  cannot  be  con- 
sidered as  equivalent  to  a  certiun  group  of  ordinary  singularities,  and 
his  researches  close  for  a  time  this  diflicult  and  important  question. 

Analysis  and  geometry,  i^teiner,  Cayley,  Salmon,  Cremona,  meet  in 
the  study  of  surfaces  of  the  third  order,  and,  in  conformity  with 
the  anticipations  of  Steiner,  this  theory  becomes  as  simple  and  as 
easy  as  that  of  surfaces  of  the  second  order. 

The  algebraic  ruled  surfaces,  so  important  for  applications,  are 
studied  by  Chasles,  by  Cayley,  of  whom  we  find  the  influence  and  the 
mark  in  all  mathematical  rettearches,  by  Cremona,  Salmon,  La  Uour- 
nerie;  so  they  will  be  later  by  lluecker  in  a  work  to  which  we  must 
return. 

The  study  of  the  general  surface  of  the  fourth  order  would  seem 
to  be  still  too  difficult;  but  that  of  the  particular  surfaces  of  this  order 
with  multiple  points  or  multiple  lines  is  commenced,  by  Pluecker  for 
the  surface  of  waves,  by  Steiner.  Kuramer,  Cayley,  Moulard,  Laguerre, 
Cremona,  and  many  other  investigators. 

As  for  the  theory  of  algebraic  skew  curvea,  grown  rich  in  Its  ele- 
mentary parts,  it  receives  finally,  by  the  labors  of  Halphen  and  of 
Noether,  whom  it  is  impossible  for  us  here  to  separate,  the  most 
notable  extensions. 

A  new  theory  with  a  great  future  is  bom  by  the  labors  of  Chasles, 
of  Clebech,  and  of  Cremona ;  it  concerns  the  study  of  all  the  algebraic 
curves  which  can  be  traced  on  a  determined  surface. 

Homography  and  correlation,  those  two  methods  of  transformation 
which  have  been  the  distant  orij^n  of  all  the  preceding  rcAearchcs, 
receive  from  them  in  their  turn  an  unexpected  exti^nsion;  they  are 
not  the  only  methods  which  make  a  single  element  correspond  to  a 
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single  clement,  as  might  have  shown  a  particular  tranaformation 
briefly  indicated  by  Poncclet  in  the  Traiti  des  proprUtts  projeetivea. 

Pluecker  defines  the  trantijormaiion  by  reciprocal  radii  veclorea  or 
intfrnion,  of  which  Sir  W.  Thomson  and  Lionville  hasten  to  ahow  aU 
the  importance,  aa  wcU  for  mathematical  physics  as  for  geometry. 

A  contemporary  of  Mocbiiis  and  Pluecker,  Magnus  believed  He  had 
found  the  most  general  transformation  which  makes  a  point  corre- 
spond to  a  point,  but  the  researches  of  Cremona  show  u&  that  the 
transformation  of  Magnus  is  ouly  the  first  term  of  a  series  of  bira- 
tional  transformations  which  the  great  Italian  geometer  teaches  us  to 
determine  methodically,  at  least  for  the  figures  of  plane  geometry. 

The  Cremona  transformations  long  retained  a  great  interest, 
though  later  researches  have  shown  us  that  they  reduce  always  to 
a  scries  of  sucoesaive  applications  of  the  tranaformatiun  of  Magnus. 

VI 

All  the  works  we  have  enumerated^  others  to  which  we  shall  return 
later,  find  their  origin  and,  in  eomc  sort,  their  first  motive  in  the  coo- 
ri'pl.ions  of  modern  geometry;  but  the  moment  haa  come  to  indicate 
rapidly  another  i^ourcc  of  great  advances  for  geometric  studies. 
Legendrc's  theory  of  elliptic  functions,  too  much  neglected  by  the 
French  geometers,  is  developed  and  extended  by  Abel  and  Jacobi. 
With  these  great  geometers,  soon  followed  by  Rieraanu  and  Weicr- 
strass,  the  theory  of  Abelian  functions  which,  later,  algebra  would 
try  to  follow  solely  with  its  own  resources,  brought  to  the  geometrj' 
of  curves  and  surfaces  a  contribution  whose  importance  will  continue 
to  grow. 

Already,  Jacobi  had  employed  the  analysis  of  elliptic  fuDctiuoa 
in  the  demonstration  of  Poncelet's  celebrated  theorems  on  inscribed 
and  circumscribed  polygons,  inaugurating  thus  a  chapter  since  cd- 
riched  by  a  multitude  of  elegant  results;  he  bad  obtained  also,  by 
methods  jierttuning  to  geometry,  the  integration  of  AbeUaa  equa- 
tions. 

liut  it  was  Clebsch  who  finst  showed  in  a  long  series  uf  woHcs  all 
the  importance  of  the  notion  of  deficiency  (GescfUec/il,  genre)  of  a 
curve,  due  to  Abel  and  Riemami,  in  developing  a  crowd  of  results 
and  elegant  solutions  that  the  employmeut  of  Abelian  integrals  would 
seem,  so  simple  was  It,  to  connect  with  their  veritable  point 
departure. 

The  study  of  points  of  inflection  of  curves  of  the  third  order, 
of  double  taugeats  of  ourvce  of  the  fourth  order,  aud,  in  geueral, 
theory  of  osculation  on  wliich  the  ancients  and  the  tnodorns  had  so 
often  practiced,  were  connected  with  the  beautiful  problem  of  the 
division  of  elliptic  functions  and  Abelian  functions. 

In  one  of  his  memoirs,  Clebsch  had  studied  the  our\'es  which  are 
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rational  or  of  deficiency  zero;  this  led  him,  toward  the  end  of  his 
too  short  life,  to  envisage  wliat  may  lie  calleil  also  ratwnnl  surfaces, 
thoffi  which  can  bo  simply  rcprononted  by  a  plane.   This  was  a  ^-ast 

I  field  for  rcBearch.  opened  already  for  the  elementary  oaeee  by  Chaslea, 
and  in  which  Ciebsch  was  followed  by  Cremona  and  many  other 
savants.  U  was  on  thi»  occasion  that  Cremona,  generalizing  his  re- 
searches on  plane  geometry,  made  known  not  indeed  the  totality  of 
Inratioiial  tranHfomiaHons  of  space,  but  cert^n  of  the  moet  interest- 
ing among  tht?>('  (nniHfomifltions. 

The  exteneioD  of  the  notion  of  deficiency  to  algebraic  Burfacee  la 
f^slrt'ftdy  commenced;  already  also  works  of  high  vnbie  have  shown 
^thal  the  theory  of  integrals,  simple  or  multiple,  of  algctiraic  differ- 
[entials  will  findjin  the  study  of  surfaces  as  in  that  of  curves,  an  ample 
leld  of  important  applications;  but  it  is  not  proper  for  the  reporter 
fon  geometry  to  dilate  on  this  subject. 

VII 
While  thus  were  constituted  the  mixed  methods  whose  principal 
[applications  we  have  just  indicated,  the  pure  geometers  were  not 
inactive.  I'oinsol,  the  creator  of  the  theor,'  of  couples,  developed, 
by  a  method  purely  geometric,  "thai,  where  one  never  for  a  mo- 
ment losea  from  view  the  object  of  the  research,"  the  theory  of  the 
rotation  of  a  solid  body  that  the  researches  of  d'Alembert,  Euler,  and 
Lagrange  seemed  to  have  exhauHled;  Chasles  made  a  precious  cun- 
i  tribution  to  kinematic  by  his  beautiful  theorems  on  the  displacement 
of  a  solid  body,  which  have  since  been  extended  by  other  elegant 
methods  to  the  caae  where  the  motion  has  divere  degrees  of  freedom. 
He  made  known  those  beautiful  propositions  on  attraction  in  gen- 
eral, which  figure  without  disadvantage  beside  those  of  Orecin  and 
Gauss.     Chasles  and  Steinor  met  in  the  study  of  the  attraction  of 
reltipsoid^  and  showed  thus  once  more  that  geometry  has  its  desig- 
place  in  the  highest  questions  of  the  integral  calculus. 
?intT  did  not  disdain  at  the  same  time  to  occupy  himself  with 
tthe  elementary  parts  of  geometry.  His  researches  on  the  contacts  of 
[circles  and  conies,  on  isoperimetric  problems,  on  parallel  surfaces,  on 
the  centre  of  gravity  of  cun'ature,  excited  the  admiration  of  all  by 
their  simplicity  and  their  depth. 

Chasles  introduced  his  principle  of  correspondence  between  two 
k'variablc  objects  which  has  given  birth  to  so  many  applications;  but 
fliere  analysis  relflok  its  place  to  study  the  principle  in  ita  essence, 
l^make  it  precise  and  gennralize  it. 

It  was  the  same  concerning  the  famous  theory  of  chamcteruikit 
[and  the  numerous  researches  of  de  Jonqui^res.  Chasles,  Cremona, 
fand  still  others,  which  gave  the  foundations  of  a  new  branch  of  the 
Hence,  Enumrratitie  Qeometry. 
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During  many  years,  the  celebrated  poetulate  of  Chasles  was  ad- 
mitted without  any  objection:  a  crowd  of  geometeiB  believed  (bey 
had  established  it  in  a  manner  irrefutable. 

But,  as  Zeuthen  then  said,  it  is  very  difficult  to  recognize  whether, 
in  demnnstratioiLH  of  this  sort,  there  does  not  exist  always  Bome  weak 
point  that  their  author  has  not  perceived;  and,  in  fact,  Halpheu, 
after  fruitless  efforts,  crowned  finally  all  these  researches  by  clearly 
indicating  in  what  cases  the  postulate  of  Chaalee  nnay  be  admitted 
and  in  what  cases  it  must  be  rejected. 


vin 

Such  are  the  principal  works  which  restored  geometric  ayntheos 
to  honor  and  assured  to  it,  in  the  course  of  the  last  century,  the  place 
belonging  to  it  in  mathematical  research.  Numerous  and  illustrious 
workers  took  part  in  this  great  geometric  movement,  but  we  must 
recognize  that  its  chiefs  and  leaders  were  Chasles  and  Steiner.  So 
brilliant  were  their  marvelous  discoveries  that  they  threw  ioto  the 
shade,  at  least  momentarily,  the  publications  of  other  modest  geo- 
meters,  less  preoccupied  perhaps  in  finding  brilliant  applications, 
fitted  to  evoke  love  for  geometry  than  to  establish  this  science  itaeU 
on  an  absolutely  solid  foundation.  Their  works  have  received  per- 
haps a  recompentie  more  tardy,  but  their  influence  grows  each  day; 
it  will  assuredly  increase  still  more.  To  pass  them  over  in  silence 
would  Ik*  without  doubt  to  neglect  one  of  the  principal  factors  which 
will  enter  into  future  researches.  We  allude  at  this  moment  above 
all  to  von  Staudt.  Uis  geometric  works  were  published  in  two  haokt 
of  great  interest:  thv  Oeometrie  der  Loffe,  issued  in  1847.  and  the 
Beitrage  zur  Otometrie  der  Lage,  published  in  1856,  that  is  to  say, 
four  yeara  after  the  Gif/mitrie  tupirieure.  Chasles,  as  we  hax'e  seen, 
had  devoted  himself  to  constituting  a  body  of  doctrine  independent 
of  Desoartee's  analysis  and  had  not  completely  succeeded.  We  have 
already  indicated  one  of  the  criticisms  (hat  can  be  made  upon  tlus 
system:  the  imaginary  elements  are  there  de6ned  only  by  their  sym* 
metric  functions,  which  necessarily  exclude  them  from  a  multitude 
of  researches.  On  the  other  hand,  the  constant  employment  of  croe»' 
ratio,  of  transversals,  and  of  involution,  which  requires  (requenl 
analytic  transformations,  gives  to  the  Offtmftrit  supfrieure  a  char* 
acter  almost  exclusively  metric  which  removes  it  notably  from  the 
methods  of  Poncelet,  Returning  to  these  methods,  von  St«ud( 
devoted  himself  to  constituting  a  geometry  freed  from  all  metric 
relation  and  resting  exclusivfly  on  relations  of  situation. 

This  is  the  spirit  In  which  uras  conceived  his  first  work,  the  0^ 
metrie  dnr  Lage  of  1847.  The  author  there  takes  a»  point  of  departure 
(he  harmonic  properties  of  the  complete  quadrilateral  artd  (hose 
of  homologic  triangles,  demonstrated  uniquely  by  considerations 
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of  geomctr}'  of  three  dimeofiiuiis,  analogous  to  those  of  which  the 
school  of  Monge  made  such  frequent  use. 

In  this  first  part  of  his  work,  von  StauUC  neglected  entirely  im- 
aginary elements.  U  is  only  In  the  Beitra^e,  his  second  work,  that 
he  succeeds,  by  a  very  original  extension  of  the  method  of  Chasleo, 
in  defining  geometrically  an  isolated  imagiuar>'  element  and  dis- 
tinguishing it  from  iia  conjugate. 

This  extension,  although  rigorous,  is  difficult  and  ver)-  abstract. 
It  may  be  defined  in  substance  as  follows;  Two  conjugate  imaginary 
points  may  always  be  considered  as  the  double  points  of  an  involu- 
tion on  a  real  straight;  and  just  as  one  passes  from  an  imaginary  to 
\t»  conjugate  by  changing  i  into  — i,  so  one  may  distinguish  the  two 
imaginary  points  by  making  correspond  to  each  of  them  one  of  the 
two  different  senses  which  may  be  attributed  to  the  straight.  In  this 
there  is  something  a  Uttlc  artiSclat ;  the  development  of  the  theory 
erected  on  such  foundations  is  necessarily  complicated.  By  methods 
purely  projective,  von  Staudt  establishes  a  calculus  of  cross-ratios  of 
the  roost  general  imaginary  elements.  Like  all  geometry,  the  pro- 
jective geometry  employs  the  notion  of  order  and  order  engenders 
number;  wo  are  not  astonished  therefore  that  von  Staudt  has  been 
able  to  constitute  his  calculus;  but  we  must  admire  the  ingenuity 
displayed  in  attaining  it.  In  spite  of  the  efforts  of  distinguished 
geometers  who  have  essayed  to  simplify  its  exposition,  we  fear  that 
this  part  of  the  geometry  of  von  Staudt,  like  the  geometry  otherwise 
so  interesting  of  the  profound  thinker  Grassmann.  cannot  prevail 
against  the  analytical  methods  which  have  won  to-day  favor  almost 
universal.  Ufe  is  short;  geometers  know  and  also  practice  the 
principle  of  least  action.  Despite  these  fears,  which  should  discour- 
age no  one,  it  seems  to  us  that  under  the  first  form  given  it  by  von 
Staudt.  projective  geometry  must  become  the  necessary  companion 
of  descriptive  geometry,  that  it  is  called  to  renovate  this  geometry 
in  its  spirit,  its  procedures,  and  its  applications. 

This  has  already  been  comprehended  in  many  countries,  and 
notably  in  Italy,  where  the  great  geometer  Cremona  did  not  disdain 
to  write  for  the  schools  an  elementary  treatise  op  projective  geometry. 


IX 

In  the  preceding  articles,  we  have  essayed  to  follow  and  bring  out 
clearly  the  most  remote  consequences  of  the  methods  of  Mooge  and 
Poncelct.  In  creating  tangential  coordinates  and  homogenoona  coor- 
dinates, lluecker  seemed  to  have  exhausted  all  that  the  method  of 
projections  and  that  of  reciprocal  polars  give  to  analysts. 

It  remained  for  him,  toward  the  end  of  his  life,  to  return  to  his 
first  rcsearcJies  to  give  them  an  cxtenfiiou  enlarging  to  an  unexpected 
d^ree  the  domain  of  geometry. 
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Preceded  by  iiiDumeroblo  reeearchcB  on  systems  ot  straight  lines,, 
due  to  Poinsot,5Iucbiiiti.  Chasles.Dupin.  Mfl'ufi.  Ifaniiltoo,  Krummer, 
Traj]M>n.  above  all  to  C&yWy,  who  ttret  inlniducwl  the  notion  of  the 
coordioateb  of  the  straight,  reetf^arehetf  originating  perhaps  in  staties 
and  kinematicti.  perhaps  in  geometrical  optirii,  Pliiecker's  geometry  of 
the  straight  line  will  always  be  regarded  an  the  part  of  his  work  where 
are  met  the  ncuest  and  nKi&t  interesting  ideaa. 

riueckor  firel  set  up  a  methodic  study  of  the  straight  Iii:e,  which 
already  is  important,  but  that  is  nothing  beside  what  he  discor 
ered.  It  is  sometimes  said  that  the  principle  of  duality  shows  that 
the  plane  a^  well  as  the  point  may  l>e  considered  as  a  spac«  element. 
Tliat  is  true;  but  in  adding  the  straight  line  to  the  plane  and  point 
as  possible  space  element,  Plueckcr  was  led  to  rccof^ii^e  that  any 
curve,  any  surface,  may  also  be  considered  as  space  clement,  and  so 
was  bom  a  new  geometry  which  already  has  inspired  a  great  number 
of  works,  which  will  raiae  \ip  slill  more  in  the  future. 

A  beautiful  discovery,  of  which  we  shall  Bp«'ak  further  on,  haa 
already  connected  the  geomelry  of  spheres  with  that  of  straight  lines 
and  permits  the  introduction  of  the  notion  of  coordinates  of  a  sphere. 

The  theory  of  .<»ystem9  of  circles  is  already  commenced;  it  will 
be  develojfed  without  doubt  when  one  wishes  to  study  the  representa- 
tion, which  we  owe  to  Laguerre,  of  an  imaginary  point  in  space  by  an 
oriented  circle. 

But  before  expounding  the  development  of  these  new  ideas  which 
have  vivified  the  infinitesimal  methods  of  Monj^e.  it  is  neeessar)*  to  go 
back  to  take  up  the  history  of  branches  of  geometry  that  we  have 
neglected  until  now. 


Among  the  works  of  the  school  of  Monge,  wn  have  hitherto  eon- 
fiued  ourselves  to  the  consideration  of  those  connected  with  finite 
poomctn.";  but  certain  of  the  disciples  of  Monge  devoted  themselves 
above  all  to  developing  the  new  notions  of  infinitesimal  gcfimctrj' 
applied  by  their  master  to  curves  of  double  cur\'Bture.to  lines  of  curv- 
ature, to  the  generation  of  surfaces,  notions  expounded  at  leaal  hi 
part  in  the  AppHeation  df.  I'Anaiyse  A  In  G^omftru.  Amonj^  these 
we  nmst  cite  Laneret,  author  of  beautiful  works  on  skew  ciin-es,  and 
above  all  Charles  Dupin,  the  only  one  perhaps  who  followed  all  tho 
I>ath9  opened  by  Monge. 

Among  other  works,  we  nwe  to  Uupin  two  volumes  Monge  would 
not  have  hewlaled  to  sign:  /xai  Dfvehpprmmta  de  (JfmiUtrie  pure, 
issued  in  1813,  and  La  AppHaiHana  de  OfnmHrie  et  df  Mtcnniqwiy 
dating  fmm  1822. 

There  we  find  the  notion  of  indieatrix.  which  was  to  renovate, 
after  Eulerand  Meunier.  all  thetheory  of  CTirvnture.  thatof  eonjugaift 
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tangents,  of  asymptotic  lines  which  have  taken  so  important  a  plao« 
in  recent  researches.  Nor  shouW  we  forget  the  determination  o(  the 
surface  of  which  all  the  lines  of  ciir\*ature  are  circles,  nor  above  all 
the  memoir  on  triple  systems  of  orthogonal  surfaces  where  is  found, 
together  with  the  discovery  of  the  triple  system  formed  by  surfaces 
of  the  second  degree,  the  celebrated  theoi-em  to  which  the  name  of 
Dupin  will  remain  attached. 

Under  the  influence  of  these  works  and  of  the  renaissance  of  syn- 
thetic methods,  the  geometry  of  infinitesimals  retook  in  nil  researehtB 
the  plane  Ijigrange  had  wished  to  take  away  from  it  forever. 

Singular  thing,  the  geometric  methods  thus  restore*!  were  to  receive 
the  most  vivid  impulse  in  consequence  of  the  publication  of  a  memoir 
vrhieh,  at  least  at  first  blush,  would  appear  connected  with  the  purest 
analysis;  we  mean  the  cetebratrd  paper  of  Gauss,  DisquUitionrs 
generaiea  circa  superficies  curiioa,  which  was  presented  in  1827  to  the 
Gotiingcn  Society,  and  whose  appearance  marked,  one  may  suy, 
a  decisive  date  in  the  history  of  infinit<«imal  geometry. 

From  this  moment,  Uic  infinitesimal  method  took  in  France  a  free 
scope  before  unknown. 

Frcnet.  Bertrand,  Molins,  J.  A.  Scrret,  Bouquet,  Puiseux,  Ossian 
Bonnet,  Paul  Scrret,  develop  the  theory  of  skew  curves.  Liouville, 
Chaales,  Minding,  join  them  to  puretio  the  methodic  study  of  the 
memoir  of  Gauss. 

The  integration  made  by  Jacob!  of  the  differential  equation  of  the 
geodesic  lines  of  the  ellipsoid  started  a  great  number  of  reaearchos. 
At  the  same  time  the  problems  studied  in  the  Application  de  I'Anaii/ae 
of  Monge  were  greatly  devetope<l. 

The  determination  of  all  the  surfaces  ha\nng  their  lines  of  eur\*ature 
plane  or  spheric  completed  in  the  happiest  manner  certain  partial 
results  already  obtained  by  Monge. 

At,  this  moment,  one  of  the  moat  penetrating  of  geometers,  ac- 
cording to  the  judgment  of  Jacob!,  Gabriel  Ijim^.  who.  tike  Charles 
Sturm,  had  commenced  with  pure  geometry  and  had  already  made  to 
this  science  contributions  the  most  interesting  by  a  little  book  pub- 
lished in  1817  and  by  memoirs  inserted  in  the  Annairs  of  Gcrgonne, 
utilized  the  results  obtained  by  Dupin  and  Binet  on  the  system  of 
r^nfocal  surfaces  of  the  second  degree,  and,  rising  to  the  idea  of 
curvilinear  coordinates  in  space,  became  the  creator  of  a  wholly  new 
theory  destined  to  receive  in  mathematical  physics  the  most  varied 
applications. 

XI 

Here  again,  In  this  infinitesimal  branch  of  geometr>'  are  found  thr 
two  tendencies  wc  have  pointed  out  d  propos  of  the  geometry  of  Unite 
<JLUAU  titles. 
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Some,  among  whom  must  be  placed  J.  Bertrand  and  O.  Ronnet, 
wish  to  constitute  an  independent  method  resting  directly  on  the 
employment  of  infinitesimals.  The  grand  Trailf  de  Calcul  di^inrentiH, 
of  Bertrand,  contains  many  chapt«ra  on  the  theory  of  cun'os  and 
of  surfaces,  which  are,  in  some  sort,  the  illustration  of  this  con- 
ception. 

Others  follow  the  usual  analytic  ways,  being  only  intent  to  cleariy 
recognize  and  put  in  evidence  the  elemcni,i  which  figure  in  the  first 
plan.  Thus  did  Ijim^  in  introducing  his  theory  of  differential  para- 
mttent.  Thus  did  Itcltromi  in  extending  with  great  ingenuity  the 
employment  of  these  differential  invariants  to  the  caso  of  tMro  inde- 
pendent, variables,  that  is  to  say,  to  the  study  of  surfaces. 

It  seems  that  to-day  is  accepted  a  mixed  method  whose  origin  is 
found  in  the  works  of  Ribaucour,  under  the  name  p^morphie.  The 
rectangular  axes  of  analytic  geometry  are  retained,  but  mode  mobile 
and  attached  as  seems  best  to  the  system  to  be  studied.  Thus  dis- 
appear most  of  the  objections  which  have  been  made  to  the  method 
of  coordinates.  The  advantages  of  what  is  sometimes  called  intrirtsir. 
geometiy  arc  united  to  those  resulting  from  the  use  of  the  regular 
analysis.  Besides,  this  analysis  is  by  no  means  abandoned;  the  eom- 
plieatioiis  of  calculation  which  it  almost  always  carries  with  it,  in  its 
applications  to  the  study  of  surfaces  and  rectilinear  coordinates,  usu- 
ally disappear  if  one  employs  the  notion  on  the  invariants  and  the 
covariants  of  quadratic  powers  of  differentials  which  we  owe  to  the 
researches  of  Lipschitz  and  ChristofTel ,  inspired  by  Riemann's  studies 
on  the  non-Kuclidean  geometry. 

xn 

The  results  of  so  many  labors  were  not  long  in  coming.  The  notion 
of  geodesic  curvature  which  Gauss  already  possessed,  but  without 
haWng  published  it,  was  given  by  Bonnet  and  Liou\-iUe;  the  theory 
of  surfaces  of  which  the  radii  of  curvature  are  functions  one  of  the 
other,  inaugurated  in  Germany  by  two  propositions  wliich  would 
figure  without  disadvantage  in  the  memoir  of  Gauss,  was  enriched 
by  Ribaucour,  Halphen.S.  Lie,  and  others,  with  a  multitude  of  propo- 
sitions, some  concerning  these  surfaces  envisaged  in  a  general  moa- 
ner; others  applyinp  to  particular  cases  where  the  relation  between 
the  radii  of  curvature  takes  a  form  particulariy  simple;  to  minimal 
surfaces  for  example,  and  also  to  surfaces  of  constant  curvature. 
positive  or  negative. 

The  minimal  surfaces  were  the  object  of  works  which  make  of 
their  study  the  most  attractive  chapter  of  infinitesimal  geometry. 
The  integration  of  their  partial  differential  equation  ronstitutefl  on» 
of  the  moat  beautiful  disroveriea  of  Mange;  but  because  of  ilie  im- 
perfection  of  the  theory  of  imaginariea,  the  great  geometer  could  not 
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get  from  il8  formulas  auy  mode  of  generation  of  these  surfacea,  nor 
even  any  particular  surface.  We  will  not  here  retrace  the  detailed 
history  which  we  have  presented  in  our  Le^i^  nw  la  thiorie  det 
9urfaces  ;  but  it  is  proper  to  recall  the  fundamental  researches  of 
Bonnet  which  have  given  us,  in  particular,  the  notion  of  surface* 
<t$*ociaUd  with  a  given  svrfacv.  the  formulas  of  Weieratrass  which 
establish  a  close  bond  between  the  minimal  surfaces  and  the  functions 
of  a  complex  variable,  the  researches  of  Lie  by  wliich  it  waa  eatab- 
Usbed  that  jtist  the  formuhis  of  Monge  can  to-day  serve  as  founda- 
tion for  a  fruitful  study  of  minimal  surfaces. 

In  seeking  to  determine  the  minimal  surfaces  of  smallest  classes 
lor  degrees,  we  were  led  to  the  notion  of  double  minimal  surfaces 
which  is  dependent  on  nnaltfsis  »itu9. 

Three  problems  of  unequal  importance  have  been  studied  in  this 
I  theory. 

The  first,  rolati^'e  to  the  determination  of  minimal  surfaces  in- 
scribed along  a  given  contour  in  a  developable  equally  given,  was 
solved  by  celebrated  formulas  which  have  led  to  a  great  number  of 
propositions.  For  example,  every  straight  traced  on  such  a  surface 
is  an  axis  of  symmetry. 

The  second,  set  by  S.  Lie,  concerns  the  determination  of  all  the 
algebraic  minimal  surfaces  inscribed  in  an  algebraic  developable, 
without  the  curve  of  contact  being  given.  It  also  has  been  entirely 
elucidated. 

The  third  and  the  most  difficult  ia  what  the  physicists  solve  experi- 
mentally, by  plunging  a  closed  contour  into  a  solution  of  glycerine. 
It  concerns  the  determination  of  the  minimal  surface  passing  through 
a  given  contour. 

The  solution  of  this  problem  evidently  surpasses  the  resources  of 
geometry.  Thanks  to  the  resources  of  the  highest  analysis,  it  has 
been  solvetl  for  particular  contours  in  the  celebrated  memoir  of 
Riemann  and  in  the  profound  researches  which  have  followed  or 
accompanied  this  memoir. 

For  the  roost  general  contour,  its  study  has  been  brilliantly  begun; 
it  will  he  continued  by  our  successors. 

After  the  minimal  surfaces,  the  surfaces  of  constant  curvature  at- 
tracted the  attention  of  geometers.  An  ingenious  remark  of  Bonnet 
connects  with  each  other  the  surfaces  of  which  one  or  the  other  of  the 
two  curvatures,  mean  cur\'ftture  or  total  curvature,  ia  constant. 

Hour  announced  that  the  partial  differential  equation  of  surfaces 
of  constant  cur^'aturc  could  be  completely  integrated.  This  result 
has  not  been  secured;  it  would  seem  even  very  doubtful  if  we  con- 
sider B  reftoarch  where  8.  Lie  has  essayed  in  vain  to  apply  a  general 
method  of  integration  of  partial  differential  equations  to  the  particu- 
lar equation  of  surfaces  of  constant  cur\'ature. 
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But,  if  it  U  impossible  to  determine  in  finite  terms  all  these  sui^ 
fact's,  It  liati  at  least  been  possible  to  obtain  certain  of  ibem,  char* 
actcrized  by  special  properties,  such  as  that  of  having  their  lines  of 
curvature  plane  or  spheric;  and  it  has  been  shown,  by  employing  a 
ineibod  which  succeeds  in  many  other  problems,  that  from  everj-  sur- 
face of  constant  curva  ture  may  be  derived  an  infinity  of  other  surfaces 
of  the  same  nature,  by  employing  operations  dearly  defined  which 
require  only  quadratures. 

The  theory  of  the  defomiatiun  of  surfaoee  in  the  sense  of  Qsa» 
has  been  also  much  enriched.  We  owe  to  Minditiij;  and  to  B«)ur  the 
detailed  study  of  that  special  deforuiudon  of  ruled  surfaces  which 
leaves  the  generators  rectilineal.  If  we  have  not  been  able,  as  hea 
been  said,  to  determine  the  surfaces  applicable  on  the  sphere,  other 
aurfnces  of  the  second  degree  liave  been  attacked  with  more  ftucecss. 
and,  in  particular,  the  paraboloid  of  revolution. 

The  systematic  study  of  tho  deformation  of  general  surfarer;  of  the 
second  degree  is  already  entered  upon;  it  is  oiie  of  those  which  will 
give  shortly  the  moat  important  results. 

The  theory  of  iiiTmitesimal  deformation  constitutes  to-day  one  of 
the  most  tiniehed  chapters  of  geometry.  It  is  the  first  somewhat 
extended  application  of  a  general  mctliod  which  seems  to  have  a  great 
future. 

lieing  given  a  system  of  differential  or  partial  diCferentinl  equations, 
suitable  to  determine  a  certain  number  of  unknowns,  it  is  advaatage* 
OUB  to  aaauciate  with  it  a  system  of  equations  which  we  have  called 
auxiliary  system,  and  which  determines  the  systems  of  solutions 
iiiiinitely  near  any  given  system  of  solutions.  The  auxiliary  B>iiteni 
being  necessarily  linear,  its  employmeut  in  all  reacarches  gives 
precious  light  on  the  properties  of  the  proposed  system  and  on  ihc 
possibility  of  obtaining  its  integration. 

The  theory  of  lines  of  curvature  and  of  asymptotic  lines  hu  beoo 
notably  extended.  Not  only  have  been  determined  these  two  seriM 
of  lines  for  particular  surfaces  such  as  the  tetrabedral  surfaoes  of 
Lam6;  but  also,  in  developing  Moulard's  results  relative  to  a  par- 
ticular class  of  linear  partial  differential  equations  of  the  stwond 
order,  it  proved  possible  to  gerieraltse  all  that  had  been  obtained  for 
surfaces  with  lines  of  curvature  plane  or  spheric,  in  determining  com- 
pletely all  the  classes  of  surfaces  for  wliirh  could  be  wjivod  the  pro- 
blem of  tphtric  rcpmtntation. 

Just  so  has  been  solved  the  correlative  problem  relative  to  asymp- 
lotic  lines  it)  making  known  all  theeurfacesof  mIiicU  tin*  intiniteKtiml 
deformation  can  be  determined  in  finite  terms.  Here  is  a  vast  field 
for  research  whose  exploration  i      ■       ■  ly  be^tin. 

Tlie  infiniti^imal  study  of  ^  <  congrwtticea,  already  com- 

menced long  ago  by  Dupin,  Qortratid.  Hamilton^Kunimer,  hoa  votna 
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to  inter  mi  nglir  id  all  ibt»t>  researches.  Ribaucoiu',  wbu  h&a  taken  in 
it  a  preponderant  part,  studied  particular  classes  of  rectiliuear  cou- 
gruencea  aud,  in  particular,  the  congruences  called  isotropts,  wliicb 
interveuo  in  the  happiest  way  in  the  Btudy  of  Diininial  surface)}. 

The  triply  orthogonal  systems  which  Lam^  used  in  mathemalical 
physics  have  become  the  object  of  systematic  researches.  Cayley 
w&a  the  first  to  form  the  partial  differential  equation  of  the  third 
order  on  which  the  general  aolution  of  thia  problem  was  made  to 
depend. 

The  system  of  horaofocal  surfaces  of  the  second  degree  has  beta 
generalized  and  has  given  birth  to  that  theory  of  general  eydidet  in 
which  may  be  employed  at  the  same  time  the  resources  of  metric 
geomclr}',  of  projective  geometry,  and  of  infinitesimal  geometry. 
^-  Many  other  orthogonal  systems  have  been  made  known.  Among 
B  these  it  is  proper  to  signaliiie  the  cyclic  systems  of  Uibaucour,  for 
which  one  of  the  three  families  admits  circles  as  orthogonal  trajecto- 

»ries  and  the  more  general  systems  for  which  these  orthogonal  trajcc- 
t^iriea  are  simply  plane  curves. 
The  sj-stcmatic  employment  of  imaginaries,  which  we  must  be 
^  careful  not  to  exclude  from  geometry,  has  permitted  the  conncctioM 
B-of  all  these  determinations  with  the  study  of  the  fmitc  deformation 
of  a  particular  surface. 

Among  the  methods  which  have  permitted  the  establishment  of 
all  these  results,  it  is  proper  to  note  the  $>-t)tematic  employment  of 
linear  partial  difTerentiftl  equations  of  the  second  order  and  of  systems 
formed  of  such  equations.  The  most  recent  resoarchcs  show  that  this 
employment  is  destined  to  renovate  most  of  the  theories. 

Infiiiiic:4imal  geometry  could  not  neglect  the  study  of  the  two 
^^fundamental  problems  sot  it  by  the  calculus  of  variations. 
H  The  problem  of  the  shortest  path  on  a  surface  was  the  object  of 
Vmaatcrly  studies  by  Jacob!  and  by  Oasian  Bonnet.  The  study  of 
V  geodesic  lines  has  been  followed  up;  we  have  learned  to  determine 
them  for  new  surfaces.  The  theory  of  ensanhka  has  come  to  permit 
the  following  of  these  lines  in  their  course  on  a  given  surface. 

The  solution  of  a  problem  relative  to  the  representation  of  two 
surfaces  one  on  the  other  has  greatly  increased  the  interest  of  di»- 
ooveries  of  Jaeobi  and  of  Liouville  relative  to  a  particular  class  of 
^Btjrfaeea  of  which  the  geodesic  lines  could  be  determined.    The  results 
Bponccming  this  particular  ease  led  to  the  cxarnitiation  of  a  new  ques- 
tion: to  investigate  all  the  problems  of  the  calculus  ur  vunations  of 
^jfc'hich  the  solution  is  ^ven  by  curves  satisfying  a  given  differential 
^kquation. 

'  Finally,  the  methods  of  Jaeobi  have  bcori  extended  to  apAoe  of 
three  dimensions  and  applied  to  the  solution  of  a  queotiou  wh{«h 
presented  the  greatest  difficulties:  the  aludy  of  properties  of  mini- 
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mum  appertaining  to  the  minim&l  surfaoe  passing  through  a  given 
oonfcour. 

XIU 

Among  the  inventors  who  b&vc  contributed  to  the  dc\'elopmBat  of 
infinitesimal  geometry,  Sophus  Lie  distinguishes  himself  by  many 
capital  discoveries  which  place  him  in  the  first  rank. 

He  was  not  one  of  those  who  show  from  infancy  the  most  char- 
acteristic aptitudes,  and  at  the  moment  of  quitting  the  University  of 
Christiania  in  1806,  he  still  hesitated  between  phUolt^  and  mathe- 
matics. 

It  was  the  works  of  Pluecker  which  gave  him  for  the  first  time 
full  consciousness  of  his  true  calling. 

He  published  in  186^  a  first  work  on  the  interpretation  of  imagin- 
arics  in  geometry',  and  from  1870  he  was  in  possession  of  the  directing 
ideas  of  his  whole  career.  I  had  at  this  lime  the  pleasure  of  seeing 
him  often,  of  entertaining  him  at  Pans,  where  he  had  come  with  bis 
friend  F.  Klein. 

A  course  by  M.  Sylow  followed  by  Lie  had  revealed  to  him  all  the 
importance  of  the  theory  of  substitutions;  the  two  friends  studied 
this  theory  in  the  great  treatise  of  C.  Jordan;  they  were  fully  con- 
scious uf  the  important  rAle  it  was  called  on  to  play  in  so  many 
branches  of  mathematical  science  where  it  had  not  yet  been  applied. 

They  have  both  had  the  good  fortune  to  contribute  by  their  works 
to  impress  upon  mathematical  studies  the  direction  which  to  them 
appeared  the  best. 

In  1870,  Sophus  Lie  presented  to  the  Academy  of  Sciences  of  Paris 
a  discovery  extremely  interesting.  Nothing  bears  leaa  reeeinbUuice 
to  a  sphere  than  a  straight  line,  and  yet  Lie  had  imagined  a  singular 
transformation  which  made  a  sphere  correepond  to  a  stnught  line, 
and  permitted,  consequently,  the  connecting  of  every  propoaitioo 
relative  to  straight  lines  with  a  proposition  relating  to  spheres,  and 
vice  versa. 

In  this  so  curious  method  of  transformation,  each  property  relative 
to  the  lines  of  cun^ature  of  a  surface  fuminhi-s  a  proposition  relative 
to  the  asymptotic  lines  of  the  surface  att&ined. 

The  name  of  Lie  will  remain  attached  to  these  deep-lying  relatloni 
which  join  to  one  another  the  straight  line  and  the  sphere,  ih^Me  two 
essential  and  fundamental  elements  of  geometric  research.  He  d^ 
vetoped  them  in  a  memoir  full  of  new  ideas  which  appeared  in  1872. 

The  works  which  followed  this  brilliant  dibut  of  Lie  fully  con* 
firmed  the  hopes  it  had  aroused.  Plueckcr's  conception  rolativo  lo 
the  generation  of  space  by  straight  tines,  by  eur\-es  or  surfaoci 
arbitrarily  chosen,  opens  to  the  theory  of  algebraic  funtis  a  field 
which  has  not  yet  been  explorett,  which  Clfthaeh  scarrely  began  lo 
rueogniM  and  settle  the  boundaries  oL  But,  from  the  aide  ot  infint* 
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tcsimal  geometr}',  this  coaceptioa  has  bc>t;n  given  ita  full  value  by 
Sophua  Lie.  The  great  Norwegian  geometer  was  able  to  find  in  it 
first  the  notion  of  congruences  and  complexes  of  cur\'es,  and  after- 
twanl  that  of  contact  transformations  of  which  he  had  found,  for  the 
[cave  of  the  plane,  the  first  germ  in  Fluecker.  The  study  of  these 
transformations  led  him  to  perfect,  at  the  same  time  with  M.  Mayer, 
the  methods  of  integmtion  which  Jacobi  had  instituted  for  partial 
differential  e<|ualion8  of  the  firat  order;  but  above  all  it  threw  the 
niOKt  brilliant  li^ht  on  the  most  difficult  and  the  most  obscure  parts 
of  the  theories  relative  to  partial  differential  equations  of  higher 
order.  It  permitted  Ue,  in  particular,  to  indicate  all  the  cases  in 
which  the  method  of  characteristics  of  Monge  is  fully  applicable  to 
eijuations  of  the  second  order  with  two  independent  variables. 

In  continuing  the  study  of  these  special  transformations,  lAe  was 
led  to  construct  progressively  his  masterly  theory  of  continuous 
groups  of  tranaforraations  and  to  put  in'evidence  the  very  important 
rAle  that  the  notion  of  group  plays  in  geometry.  Among  the  essential 
elementa  of  his  researches,  it  is  proper  to  signalize  the  infinitesimal 
transformations,  of  which  the  idea  belongs  exclusively  to  him. 

Three  great  books  published  under  his  direction  by  able  and  de- 
I'oted  collaborators  contain  the  essential  part  of  his  works  and  their 
applications  to  the  theorj*  of  integration,  to  that  of  complex  units  and 
to  the  non-Euclidean  geometry. 

L  XIV 

"  By  an  indirect  way  I  have  arrived  at  that  non-Euclidean  geometry 
the  dtudy  of  which  takes  in  the  researches  of  geometers  a  place  which 
grows  greater  each  day. 

If  I  were  the  only  one  to  talk  vrith  you  about  geometry,  L  should 
take  pleasure  in  recalling  to  you  all  that  has  been  done  on  this  sub- 
ject since  Euclid  or  at  least  from  Legendre  to  our  days. 

Envisaged  successively  by  the  greatest  genrneters  of  the  last  een- 
kury,  Che  question  has  pmgressively  enlarged. 

It  commenced  with  the  celebrated  poatt^aium  relative  to  parallels; 
it  ends  with  the  totality  of  geometric  axioms. 

The  ElemetUs  of  Euclid,  which  have  withstood  the  action  of  so 
many  centuries,  will  have  at  least  the  honor  before  ending  of  arous- 
ing a  long  series  of  works  admirably  enchained  which  will  contrib- 
ute, in  the  moat  effective  way,  to  the  progress  of  mathematics,  at  the 
same  time  that  they  furnish  to  the  philoftophere  the  most  precisft  and 
le  most  solid  points  of  departure  for  tho  study  of  the  origin  and  of 
le  formation  of  our  oognitiona. 

I  am  assured  in  axlvance  that  my  distinguished  collaborator  mil 
not  forget,  among  the  problems  of  the  present  time,  this  one,  which  is 
perhaps  the  most  important,  and  with  which  ho  baa  occupied  lumaoLf 
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with  BO  much  success;  and  I  Ipavc  to  him  the  task  of  developing  it 
with  all  the  ampUtudc  which  it  aaaurcdly  merits. 

I  have  just  spokon  of  the  elements  of  geometry.  They  have  received 
in  the  lost  hundred  years  cxtf^nsions  whieh  must  not  be  forgotten. 
The  theory  of  polyhedrons  has  been  enriched  by  the  beautiful  dis- 
coveries of  Pninsot  on  the  star  polyhedrons  and  those  of  Moebius 
on  polyhedrons  ^vith  a  single  face.  The  methods  of  transformaliun 
have  enlarged  the  exposition.  Wc  may  say  to-day  that  the  first  book 
contains  the  theory  of  translation  and  of  symmetry,  that  the  second 
amounts  to  the  theory  of  rotation  and  of  displacement,  that  the 
third  rest  on  homothety  and  inversion,  But  it  must  be  recognized 
that  it  is  due  to  analysis  that  the  Elements  have  been  enriched  by 
their  most  beautiful  propositions. 

It  is  to  the  highest  analysis  that  we  owe  the  inscription  of  rcRular 
polygons  of  seventeen  sides  and  analogous  polygons.  Tu  it  we  owe 
the  demonstrations,  so  long  sought,  of  the  Impoesibiliiy  of  thetjuad- 
rature  of  the  circle,  of  the  impossibility  of  cert&in  geometric  con- 
structions with  the  aidof  the  ruler  and  the  compaaaee;  and  to  it  linallT 
we  owe  the  first  rigorous  demonstrations  of  the  pniperiies  of  maxi- 
mum and  of  minimum  of  the  sphere.  It  will  belong  to  geometry  to 
enter  upon  this  ground  where  analysis  has  precedc^d  it. 

What  will  be  the  elements  of  geometry'  in  the  courec  of  the  cen- 
tury which  has  just  commenced?  Will  there  be  a  single  elementary 
book  of  geometry?  It  is  perhaps  America,  with  it*  schools  fn-e  from 
all  programme  and  from  all  tnwiition,  which  will  givcnathebcet  solu- 
tion of  this  imiKiriant  and  difTiculi  question. 

Von  Stuudt  has  sometimes  been  called  the  Eudid  of  the  niiw- 
Umth  century;  I  would  prefer  to  call  him  the  Eudid  oj  projeetivr 
geometry;  but  is  projective  geometry,  interesting  though  it  may  be, 
destined  to  fomish  the  unique  foundation  of  the  future  elements? 

XV 

lite  moment  has  come  to  close  this  ovei^long  recital,  and  yet  there 
is  a  crowd  of  interesting  researches  that  i  have  been,  »o  to  say,  forced 
to  neglect. 

I  would  have  loved  to  talk  with  you  about  those  geometries  of 
any  number  of  dimensions  of  which  the  notion  goes  back  to  the  fi«l 
days  of  algebra,  but  of  which  the  systematic  study  was  commenced 
only  sixty  years  ago  by  Cayley  and  by  Cauchy.  This  kind  of  r^8elUThe• 
has  found  favor  in  your  country  and  I  need  not  rwall  that  our  illus- 
trious president,  after  having  shown  himself  the  worthy  succcwor 
of  f^place  and  Le  Verrier,  in  a  space  which  he  oomiders  wilii  us  ■* 
being  endowed  with  three  dimeuaioos.  has  not  di-idained  to  publish. 
in  the  simeriean  Jnumal,  considerations  of  great  inteh-*'  'in  tin' 
geometries  of  n  dimensioDa. 
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A  single  nbjoetion  can  be  made  to  studies  of  this  sort,  and  was 
ln*ady  foriiiulatwl  by  Poiason:  the  absence  of  ail  real  foundation,  of 
11  aultstratum  permitting  the  presentation,  under  aspects  visible  and 
some  sort  palpable,  of  the  results  obtuned. 
The  exrension  of  the  methods  of  descriptive  geometry,  and  above 
11  tlic  employment  of  Pluccker's  conceptions  on  the  geueratiou  of 
will  contribute  to  take  away  from  this  objection  much  of  its 
>rce. 
1  would  have  liked  to  speak  to  you  also  of  the  method  of  equi- 
pollenccs,  of  which  we  find  the  germ  in  the  posthumous  works  of 
lausB,  of  Hamilton's  quaternions,  of  Qrassmann's  methods,  and  in 
^neral  of  systems  of  complex  units,  of  (he  anaiysis  situs,  so  inti- 
maiely  connected  mth  the  theory  of  functions,  of  the  geometry 
Balled  kinematic,  of  the  theor>'  of  abaci,  of  geometrography,  of  the 
bpplioations  of  geometry  to  natural  philosophy  or  to  the  arts.   But 
1  fear,  if  I  branched  out  beyond  measure,  some  analyst, as  has  hap- 
pened   before.  woiUd  accuse  geometry  of  wishing  to  monopolize 
everything. 

■  My  admiration  for  analysis,  grown  so  fruitful  and  so  powerful  in 
our  time,  would  not  permit  me  to  conceive  such  a  thought.  But  if 
some  reproach  of  this  sort  could  be  formulated  to-day.  it  is  not  to 
>metry,  it  is  to  analysis  it  would  be  proper,  I  believe,  to  addresa  it. 
rhecircletn  which  the  mathematical  studies  appeared  to  be  inclosed 
at  the  beginning  of  the  nineteenth  century  has  been  broken  on  all 
aides. 

The  old  problems  present  themselves  to  us  under  a  new  form,  new 
iroblenis  offer  themselves,  whose  study  occupies  legions  of  workers. 
The  number  of  those  who  cultivate  pure  geometry  has  become 
'prodigiously  restricted.  Therein  is  a  danj^er  against  which  it  is  im- 
portant to  provide.  We  must  not  forget*  that,  if  analysis  has  acquired 
means  of  inveetigation  which  it  lacked  heretofore,  it  owes  them  in 
great  part  to  the  conceptions  introduced  by  the  geometers.  Geometry 
must  not  remain  in  some  sort  entombed  in  its  triumph.  It  is  in  its 
:hool  we  have  learned;  our  auccossora  muMt  learn  never  to  be  bhndly 
)roud  of  methods  too  general,  to  envisage  the  questions  in  themselves 
and  to  find,  in  tlie  condittona  particular  to  each  problem,  )>crhapet 
ft  direct  way  towards  a  solution,  perhaps  the  means  of  applying  in 
an  appropriate  manner  (he  general  procedures  which  every  science 
should  gather. 
As  Chaales  said  at  the  beginning  of  the  Aprrfu  kistoriquf,  "The 

«loctrines  of  pure  geometry  offer  often,  and  in  a  multitude  of  quea- 
ions,  that  simple  and  natural  way  wliich.  penetrating  to  the  very 
oitrce  of  the  truths,  lays  bare  the  mysterious  chain  which  binds  them 
o  each  other  and  makes  us  know  them  individually  in  the  way  moat 
luminous  and  most  complete." 


£68  GEOMETRY 

Cultivate  therefore  geometry,  which  has  its  own  advantages,  with- 
out wishing,  on  all  points,  to  make  it  equal  to  its  rival. 

For  the  rest,  if  we  were  tempted  to  ne^ect  it,  it  would  soon  find  in 
the  applications  of  mathematics,  as  it  did  once  before, -means  to  rise 
up  again  and  develop  itself  anew.  It  is  like  the  giant  Anteus  who 
recovered  his  strength  in  touching  the  earth. 
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In  spito  of  the  richness  and  power  of  recent  geometry,  it  U  notice- 
able that  the  geometer  hinieiclf  has  become  more  mcKlesl.  It  was  the 
ambition  of  Descartes  and  Leibnitz  to  discover  universal  methods, 
applicable  to  all  conceivable  questions;  later,  the  Auxdehnungstchre 
of  Ciras-smann  and  the  qiiateniion  theory  of  Hamilton  were  believed 
by  their  devotees  to  bo  ultimate  geometric  analyses;  and  Chasles 
attributed  to  the  principles  of  duality  and  bomography  the  same 
rAle  in  the  domain  of  pure  apace  as  that  of  the  law  of  gravitation 
in  celestial  mechanics.  To-day,  the  mathematician  adtmts  the  ex- 
istence and  the  necessity  of  many  theories,  many  geometries,  each 
appealing  to  certain  interests,  each  to  be  developed  by  the  moat 
appropriate  methods;  and  he  realizes  that,  no  matter  how  large  his 
conceptions  and. how  powerful  his  methods,  they  will  be  replaced 
before  long  by  others  larger  and  more  powerful. 

Aside  from  the  conceivability  of  other  spaces  with  just  as  self- 
consistent  properties  as  those  of  the  so-called  ordinary  space,  such 
diverse  theories  arise,  tn  the  first  place,  on  account  of  the  variety 
of  objects  demanding  consideration,  —  curi'cs,  surfaces,  congruences 
and  complexes,  correspondences,  fields  of  differentiBl  elements,  and 
so  on  in  endless  profusion.  The  totality  of  conFigu rations  is  indeed 
not  thinkable  in  the  sense  of  an  ordinary  assemblage,  since  the  total- 
ity itself  would  have  to  be  admitted  as  a  configuration,  that  is,  an 
element  of  the  assemblage. 

However,  more  essential  in  most  reapects  than  the  diversity  in 
the  material  treated  is  the  divereity  in  the  points  of  view  from  which 
It  may  be  regarded.  Even  the  simplest  figure,  a  triangle  or  a  circle, 
has  an  infinity  of  properties  —  indeed,  recalling  the  unity  of  the 
physical  worid,  the  complete  study  of  a  single  figure  would  involve 
its  relations  to  all  other  figures  and  thus  not  be  distinguishable  from 
the  whole  of  geometry.  For  the  past  three  decades  the  ruling  thought 
in  this  connection  has  been  the  prineiple  (associated  with  the  names 
of  Klein  and  Lie)  that  the  properties  which  are  deemed  uf  interest 
hin  the  various  geometric  theories  may  be  classified  according  to  the 
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groups  of  transformations  which  leave  those  properties  unchanged. 
Thus  almost  all  discussions  on  algebraic  cun'os  are  of^nneotitl  witli 
the  group  of  displacements  (more  properly  the  so-called  prinei[>al 
group),  or  the  group  of  projective  transfonnatioDS,  or  the  group  Of 
birational  transformntiona;  and  the  distinction  between  such  th(^ori«l 
is  more  fundamental  than  the  distinction  between  the  theories  uf 
curves,  of  surfaces,  and  of  complexes. 

Historically,  the  advance  has  been,  in  general,  from  small  to  lai^gcr 
groups  of  transformations.  The  change  thus  produced  may  be  liluuiod 
to  the  varying  appearance  of  a  painting,  at  first  ^iewed  closely  in  all 
its  details,  then  at  a  distance  in  its  significant  features.  The  ao&logy 
also  suggests  the  desirability  of  viewing  an  object  from  sc\-eral  stand- 
points, of  studying  geometric  configurations  with  respect  to  various 
groups.  It  is  indeed  true,  though  in  a  necessarily  somewfakt  vague 
sense,  that  the  more  essential  properties  are  those  invariant  under 
the  more  extensive  groups;  and  it  is  to  be  expected  (hat  stich  groups 
will  piny  a  predominating  rdle  in  the  not  far  distant  future. 

The  dumain  of  gcomctr>'  occupies  a  position,  as  indicated  tn  Ihi* 
programme  of  the  Congress,  intermediate  between  the  doomin  of 
analysis  on  the  one  hand  and  of  mathemstical  physics  on  the  other; 
and  i[)  its  development  it  continually  encroaches  upon  these  adjacent 
fields.  The  concepts  of  transformation  and  invariant,  the  algebraic 
curve,  the  space  of  n  dimensions,  owe  their  origin  priraflrijy  to  the 
suggestions  of  analysis;  while  the  nuU-syitem,  the  theory  of  vector 
Gelds,  the  questions  connected  with  the  applirabiLily  and  deforms* 
liou  of  surfaces,  have  their  source  in  mechanics.  It  is  true  that  some 
mathematicians  regard  the  clispUKnion  of  pf)int  sel#,  for  example, 
as  belonging  exclusively  to  the  theory  of  functions,  and  otheralfwk 
upon  the  comitosition  of  d  is  placements  as  a  port  of  mechanios. 
While  such  considerations  shtjw  the  dilhcully.  if  not  impoasitnUty, 
of  drawing  strict  limits  atK}ut  any  science,  it  is  lo  be  observed  that 
the  conBcc|uent  lack  of  dcfiniteness.  deplored  though  it  tie  by  the 
formalist,  ic  more  than  oonipensateil  by  the  fact  that  such  overiap- 
fnng  is  actually  the  princtpal  means  by  which  the  different  realnv 
of  knowledge  an-  bound  together. 

If  a  mathematician  of  the  post,  an  Archimedes  or  even  s  Descartes, 
could  view  the  field  of  geometry  in  its  present  condition,  the  firet 
feature  to  impress  him  would  be  its  Uck  of  oonoretences.  Therpoie 
whole  classes  of  geometric  theories  «hioh  proceed,  nol  rnen'Iy  with- 
out models  and  diagrams,  but  without  the  sliKhtest  (apparent)  use 
of  the  spntial  intuition.  In  the  main  this  is  due.  of  course,  to  the 
power  of  the  analytic  instntmcnis  of  investigation  as  compared 
with  the  purely  gromt* trie.  Tlie  formulas  mmc  in  advance  of  thtmght. 
while  the  intuition  often  taes  behind;  in  the  oft-()uolod  words  of 
d'Alembert,  "L'alg^bre  est  g^'-nV- reuse,  clle  donne  souvcnt  plus  qu'oo 
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lui  rlrmamlc."  As  the  field  of  nswarch  •widons.  as  we  prrwecd  from 
the  siniple  and  dofinito  to  tbc  more  refined  and  general,  we  naturally 
cease  to  picture  our  proceafws  and  even  our  results.   It  is  often  ncccfi- 

(Bary  to  close  our  eyes  and  go  forward  blindly  if  wc  wish  to  advance 
ftt  all.  But  admitting  the  inevitablcncsa  of  such  a  change  in  the 
■pint  of  any  science,  one  may  still  quostion  the  attitude  of  the  geo- 
meter who  rests  content  with  his  blindness,  who  docs  not  at  least 
strive  to  intensify  and  enlarge  the  intuition.  Has  not  such  an  int«n- 
sificatJon  and  enlargemonr  been  the  main  contribution  of  geometry 
to  the  race,  its  verj-  raison  d'etre  aa  a  separate  part  of  mathomatiob, 
and  is  there  any  ground  for  regarding  this  service  as  completed? 

From  the  point  of  view  here  referred  to,  a  problem  is  not  to  be 

rcgardefl  as  completely  solved  until  we  are  in  position  to  construct 

a  model  of  the  solution,  or  at  least  to  conceive  of  such  a  construction. 

This  requires  the  interpretation,  not  mfrely  of  the  resulta  of  a  geo- 

Bnietric  investigation,  but  also,  as  far  as  posrable,  of  the  intermediate 

^pmcepsea  —  an  attitude  iUustraied  most  strikingly  in  the  works  of 

Lip.    This  duty  of  the  geometer,  to  make  the  ground  won  by  means 

Hnf  analysis  really  geometric,  and  as  far  as  possible  concretely  intui- 

^tivc,  is  the  source  of  many  problems  of  to-day,  a  few  of  which  will 

be  referred  to  in  the  course  of  this  address. 
H  The  tendency  to  generalization,  so  characteristic  of  modem  geo- 
^  metty,  is  counteracted  in  many  cases  by  this  desire  for  the  concrete, 
in  others  by  the  desire  for  the  exact,  the  rigorous  (not  to  be  con- 
fused with  the  rigid).  The  great  mathematicians  have  acted  on  the 
™  principle  "  Dcvine^  avant  de  dSmontrer,"  and  it  is  certainly  true 
H  that  almost  all  important  discoveries  are  made  in  this  fashion.  But 
while  the  demonstration  comes  after  the  discovery,  it  cannot  there- 
fore be  disregarded.  The  spirit  of  rigor,  which  tended  at  first  to  the 
arithmelization  of  all  mathematics  and  now  tends  to  its  exhibition 
in  terms  of  pure  logic,  has  alwaj-s  been  more  prominent  in  analysis 
than  in  gwimetrj*.  Absolute  rigor  may  he  unattainable,  but  it  can- 
not Ix?  denied  thai  much  remains  to  be  done  by  the  geometers,  judg- 
ing even  by  elementary  stJindanli*.  We  iieod  refer  only  to  the  loose 
proofs  basetl  upon  the  invaluable  hut  insufficient  entimcmtion  of 
I'onstauts,  the  so-called  principle  of  the  conf>er^'ation  of  number,  and 
the  discus^ons  which  confine  themselves  to  the  "general  case." 
Examplee  abound  in  every  field  of  geometry.  The  theorem  announced 
hy  Chaslcs  concerning  the  numlwr  of  conies  aalisfying  five  arbitrary 
conditions  was  proved  by  sirch  mastera  as  C'lehech  and  Halphon  be- 
fore examples  invalidating  the  result  were  devisetl.  Picard  recently 
called  attention  to  the  need  of  a  new  proof  of  Nocther*?  theorem  that 
upon  the  general  algebraic  surface  of  degree  greater  than  thn>e  every 
algebraic  cun-e  is  a  complete  int-ersection  mth  another  algebraic 
Riirfacc.     The  considerations  given  by  Nocther  render  the  reitult 
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highly  probable,  but  do  not  constitute  a  complete  proof;  while  (ht 
exact  meooing  of  the  term  gcnenU  can  be  determined  only  froi 
the  context. 

Tlie  reaction  againfit  Buch  Iookc  methods  ie  represented  by  Study" 
in  algebraic  geometrj',  and  Ililbcrt  in  difiereutial  geometry.  The 
tendency  of  a  considerable  portion  of  recent  work  is  towards  the 
exhaustive  treatment  of  definite  questiona,  including  the  considera- 
tion of  the  special  or  degenerate  cases  ordinarily  passed  over  ae 
unimportant.  Another  aspect  of  the  same  tendency  is  the  di«ussaoD 
of  converses  of  famitJur  problems,  \nth  the  object  of  obtaininij  con- 
ditions at  once  neceHsary  and  sufficient,  that  is,  completely  charact* 
istic  results.' 

Another  set  of  problems  is  suggested  by  the  relation  of  geometr^ 
to  physics.  It  is  the  duty  of  the  geometer  to  aljstract  from  the  physical 
sciences  those  domains  which  may  be  expressed  in  terms  of  pure 
space,  to  study  the  geometric  fuundations  (or,  as  some  ivuuld  put  it, 
the  Hkeletons)  of  the  various  branches  of  mechanica  and  physics. 
Most  of  the  actual  advance,  it  is  true,  has  hitherto  come  from  the 
physicists  themselveti,  but  undoubtedly  the  time  has  arrived  for 
more  systematic  discussions  by  the  mathematicians.  In  adiUtion  to 
the  importance  which  is  due  to  possible  applications  of  such  work, 
it  is  to  be  noticed  that  wc  meet,  in  thia  way,  configurations  m*  inter- 
esting and  remarkable  as  those  created  by  the  gcomcterV  imagina- 
tion. Even  in  tliis  field,  one  is  tempted  to  remark,  truth  is  atranger 
than  fiction. 

We  have  now  considered,  briefly  and  inadequately,  some  of  the 
leading  ideals  and  influences  which  arc  at  work  towards  both  tbr 
widening  and  the  deepening  of  geometry  in  general;  aikd  turn  to  our 
proper  topic,  a  survey  of  the  leading  problems  or  groups  of  prubleRM 
in  certain  selected  (but  It  is  hoped  representative)  fields  of  conlem- 
poraneous  iDvestigation. 

FauTtdatioiw 

The  most  striking  development  of  geometry  during  thpp.i  '  ' 
rclaties  to  the  critical  rcviaion  of  its  foundations,  more  pr>  ■  .'s 

logiaU  foundations.    There  arc,  of  coursn,  other  pointa  of  vittw,  for 

*  "[Eatiit«in«ltiefehigswunclt»Gewohnh«itvi(>WOpoowter,Satr  i- 
lieren,  die  '  tm  allgecatinai*  seKcn  solI«n.  d.  )i.  einea  klarrn  Stun  atf  ■  M 
bsben,  rodem  itoch  hsufig  u>  alfgrmein  gdltig  litng«vtcUt  oder  m«tij;rIluJt  Lm^ 
grOndet  wprd^n.  [I>iM  Veriahrai  wirtl],  troll  otTmnigeai  V«rweiMuijten  atii  Trftfer 
■nbr  beillhint«T  \Anuai.  ■pAtcrao  Grsctilechtom  meher  all  giaa  imcaUanc  enehM- 
neo,  achcinl  aber  in  unserem  'brituTh*^'  ZviUlt^rr  ron  viplm  aU  i^ine  bndttipb 
BifrnHirnhdilcsit  dcr  GtemttriM  bntrachtet  su  wcrdcn  .  .  ."  JaJtr.  Deut.  Mmk.- 
r«-.,voLn(1902),  p.  100. 

*  Ah  an  «xiunph>  may  be  msaUoned  Dtr  l^'-orr-ti  df  Malux  and  Dut>Ui.  VtK'Wit 
for  aljuost  aoMitury,  that  the  raft  eromtiat::  iiointkracouvv.--  < 
nfru-tioD.  into  a  tMrmal  oonpoonoe.  Qii  <  . ,  Irfrvi^Hvitt*  k  .  .:> 
ahuwimt  that  this  pmptrKy  !•  atoractmatici  lli^  u,  luijr  normal  conitrut-iuir  uuti 
Iw  nfraeted  into  a  buadl*. 
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example,  the  physical,  the  physiological,  the  psychological,  the  meta- 
physical, but  the  interest  of  mathematicians  has  been  coofined  to  the 
purely  logical  aspect.  The  main  results  in  this  direction  are  due  to 
Pcano  and  his  co-workers;  but  the  whole  field  was  first  brought 
prominently  to  the  attention  of  the  mathematical  world  by  the 
appearance,  five  years  ago,  of  Hilbcrt's  elegant  FesUiehrift, 

The  central  problem  is  to  lay  down  a  system  of  primitive  (unde- 
fined) concepts  or  sj'mbols  and  primitive  (unprovc<l)  propositions 

lor  [>D6tulato3,  from  which  the  whole  body  of  geometry  (that  is,  the 
geometry  cooBidercd)  shall  follow  l>y  purely  deductive  processes. 
No  appeal  to  intuition  is  then  necessary.  "  We  might  put  the  axioms 
into  a  reasoning  apparatus  like  the  logical  machine  of  Stanley  Jcvons, 
and  see  all  geometry  come  out  of  it"  (Poincar6).  Such  a  sj-stcm  of 
concepts  and  postulates  may  be  obtained  in  a  great  (indeed  end- 
less) variety  of  ways:  the  main  question,  at  present,  concerns  the 
comparison  of  various  systems,  and  the  possibility  of  imposing  lim- 
itations BO  as  to  obtain  a  unique  and  perhaps  simplest  basis. 

The  first  requirement  of  a  system  is  that  it  shall  be  consistent. 
The  postulates  must  be  compatible  with  one  another.  No  one  has  yet 
deduced  contradictory  results  from  the  axioms  of  Euclid,  but  what 
ia  our  guarantee  that  this  will  not  happen  in  the  future?  The  only 
method  of  answering  this  question  which  has  suggested  itself  is  the 
exhibition  of  some  object  (whose  existence  is  admitted)  which  fulfills 

'  the  conditions  imposed  by  the  postulates.  Hilbert  succeeded  in  con- 
structing such  an  ideal  object  out  of  numbers;  but  remarks  that  the 
difficulty  is  merely  transferred  to  the  field  of  arithmetic.    The  most 

I  far-reaching  result  is  the  definition  of  number  in  terms  of  logical 
classes  as  given  by  Fieri  and  Russell;  but  no  general  agreement  is 
yet  to  be  expected  in  these  discussions.  Will  the  ultimaie  inclu- 
sion be  the  impossibility  of  a  direct  proof  of  compatibility? 

More  accessible  is  the  question  concerning  the  independence  of 
postulates  (and  the  analogous  question  of  the  irreducibility  of  con- 
cepts). Most  of  the  work  of  the  last  few  years  has  been  concentrated 
on  this  point.  In  Hilbert/s  original  system  the  various  groups  of 
oxionw  (relating  respectively  to  combination,  order,  parallels,  con- 
gruence, and  continuity)  are  shown  to  be  independent,  but  the  di»- 
cussion  is  not  carried  out  completely  for  the  individual  axioms.  In 
Dr.  Veblen's  recently  published  system  of  twelve  postulates,  each 
ia  proved  independent  of  the  remaining  eleven.'  This  marks  an  ad- 
vance, but,  of  courvic.  it.  does  not  terminate  the  problem.  In  what 
respect  docs  a  group  of  propositions  di^er  from  what  is  termed  a 
tingle  proportion?  Is  it  possible  to  define  the  notion  of  an  absolutely 
simple  postulate?  The  statement  that  any  two  points  determine  a 
straight  line  involves  an  infinity  of  statements,  and  its  fulfillment  for 
■  TrQn9.Avm:JH<iA.Soc..roLv(XWi)- 
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oertain  paire  of  pointe  nisy  neceesitate  it£  fuinUment  for  all  |Mii 
If  ill  Euclid's  system  tho  poetulate  of  parallels  is  replaced  by  tl 
postulate  concftrning  the  sum  of  thi>  angles  of  a  I  riaitgle,  a  well-known 
ejutmplc  of  such  a  reduction  is  obtained;  for  it  is  suliicient  to  as- 
sume the  new  postulate  for  a  single  triangle,  the  general  result  being 
then  deducible.  A£  other  examples  we  may  mention  Peauo's  reduc- 
tion of  the  Euclidean  definition  of  the  plane;  and  the  definition  of 
&  collineation  which  demands,  instead  of  the  conversuon  of  aii  straight 
lines  into  straight  lines,  the  existence  of  four  simply  infmito  systems 
of  such  straight  lines.* 

These  examples  illustrate  the  difficulty,  if  not  the  imposfttbiUty, 
of  formulating  a  really  fundamental,  that  is,  absolute  standard  of 
independence  and  irreducihilily.  It  is  probable  that  the  guiding 
ideof  will  be  obtained  in  the  discus&ior.  of  simpler  deductive  theoQPSr 
in  particular,  the  systems  for  numbers  and  groups. 

'nvo  features  axe  especially  prominent  in  the  actual  dftvelop- 
munt  of  the  body  of  geometry  from  its  fundamental  system.  First, 
the  consideration  of  what  may  be  termed  tho  collateral  geumctTiea, 
which  arise  by  re])lacing  one  of  the  original  postulates  by  its  opposite, 
or  otherwise  varying  the  s>'Bteni.  Such  theories  6er\'c  to  show  the 
limitatiou  of  that  point  of  view  which  restricts  the  term  general 
geometry  (pangeometiy)  to  the  Euclidean  and  non-KucIidean  geo* 
metries.  The  variety  of  possible  abstract  geometries  la,  of  counr, 
inexhaustible;  this  is  the  central  fact  brought  to  tight  by  the  ex* 
hibition  of  such  systemtt  as  the  non- Archimedean  ond  (he  non- 
ar^fuesian.  In  the  second  place,  much  valuable  work  is  being  done  in 
discussing  the  various  methods  by  which  the  same  theorem  may 
be  deduced  from  the  postulates,  the  ideal  being  to  use  as  few  of  the 
postulates  as  possible.  Here  again  the  question  of  simplieUy  (idinplnt 
pntof),  though  it  baffles  analysis,  forces  itself  upon  the  attention. 

Among  the  minor  problems  in  this  field,  it  is  sufficient  (o  consider 
that  concerning  the  relation  of  the  theory  of  volume  to  the  axiom  of 
continuity.  This  axiom  need  not  be  used  in  establishing  the  theory 
of  areas  of  polygons;  but  after  Dchn  and  others  had  pmved  the  f^xist- 
etice  of  potyhedra  having  the  same  volume  though  not  decomposable 
into  mutually  congruent  parts  (even  8ft<r  the  addition  of  pongnient 
polyhodm),  it  waa  stated  by  Hilbert,  and  deemed  evident  generally, 
thht  reference  to  continuity  could  not  be  avoided  in  three  dimonaiot 
In  a  recent  announcement '  of  Vahlco's  forthcoming  Ahai 
Oeomttnt  this  conclusion  ia  declared  unsound.  It  sc^mm  pmbsbli 
however,  that  the  difference  is  merely  one  concerning  the  interpret 
tion  to  be  given  to  the  term  continuity. 


■  TpTotVr  with  t»rUin  eonttnortr  MmmpllmR.  Cf.   SuU.  Amur,  Jf«tfL  Sml, 

voJ  iit<in03),  p.  5*5. 
>  Jahr.  Dmi.  U9A.-Ver.,  vol.  xm  (10Oi],  p  305. 
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The  work  on  logical  foundations  has  been  conlinctl  almost  entirely 
lo  the  Euclidean  iind  projcttive  geometries,  li  in  desirable,  however, 
that  other  geometric  theories  should  be  treated  in  a  similar  deiliietive 
fadtuon.  In  particular,  it  is  to  be  hoped  that  wc  shall  soon  have 
a  really  systematic  foundation  for  the  so-called  inversion  geometry, 
dealing  with  properties  invariant  under  circular  transfonnatious. 
Thiti  theory  is  of  intereet,  not  only  for  its  own  aakc  and  for  its  appli- 
cations iu  fuDcfiou  theoiy,  but  alw  because  ita  study  serves  to  free 
the  mind  from  what  is  apt  to  become,  without  some  check,  slavery  to 
the  projective  point  of  view. 

The  Curve  Ctmcepl  —  Aru^fns  Sitia 

Although  curves  and  surfaces  have  constituted  the  almost  exclu- 
sive material  of  the  geometric  investigation  of  the  thirty  centu- 
ries of  which  we  have  rt-cord,  it  can  hardly  be  claimed  that  the  ou- 
crpls  themselves  liave  received  their  final  analysis.  Certain  vague 
notions  are  suggested  by  the  naive  intuition.  It  lathedulyof  mathe- 
maticians to  create  perfectly  precise  concept*  which  agree  more  or 
less  closely  with  *.urh  intuitions,  and  at  the  same  lime,  by  the  reac- 
tion of  the  concepts,  to  refine  the  Intuition.  The  problem,  evidently,  is 
not  At  all  determinate.  It  would  be  of  interest  to  trace  the  evolution 
which  has  actually  produce*!  several  dialinct  cur\c  concepts  defining 
more  or  less  extensive  classes  of  curves,  agreeing  in  little  beyond  the 
possession  of  an  infinite  number  of  |>olnte. 

The  more  familiar  special  concepts  or  classes  of  cur\'e£  are  defined 
in  terms  of  the  correspondint;  equation  y=flz)  or  function  J\x). 
Such  are,  for  example:  (I)  algebraic  curves;  (2)  analytic  curves; 
(3)  graphs  of  fuuclions  possessing  derivatives  of  all  orders;  (4)  the 
cur\'es  considered  in  the  usual  discussions  of  infinitesimal  genmetr>', 
in  which  the  exiiitence  of  first  and  second  derivafjvos  \^  as-sumed; 
(5)  the  so-called  r^jnilftr  cur^'es  with  a  rontinuc-usly  turning  tangent 
(ejteept  for  a  finite  number  of  comers);  (6)  the  so-eallw!  ordinary 
cur\'efl  poivossing  a  tangent  and  having  only  a  finite  numlter  of 
oscillationn  (maxima  and  minima)  in  any  finite  inter\'al;  (7)  curves 
with  tangents;  (S)  the  graphs  of  continui^us  functions. 

How  far  arc  such  distinctions  accessible  t,o  the  intuition?  Of 
course  there  are  limitations.  For  over  two  centuries,  from  Descartes 
to  the  publication  of  Wcicrstrass's  classic  example,  the  intuition  of 
mathematicians  declared  the  classes  (7)  and  (S)  to  he  identical.  Still 
lotcr  it  was  found  that  such  extraordinary  (pathological  or  crinkly) 
curves  may  present  themselves  in  class  (7).  However,  even  here 
pBTlifllly  successful  attempts  to  connect  with  intuition  have  been 
made  hy  Wiener,  Hilhert,  Schoenflics,  Moore,  and  others. 

Let  us  consider  a  simpler  extension  in  the  field  of  ordinary  curves. 
If  the  function  _/"(x)  is  continuous  except  for  a  certain  value  of  x 
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where  there  U  an  ordiBary  discoDtinuity,  this  is  indicated  by  a  break 
in  the  graph:  i\f  is  cuntiiiuous,  but  the  derivativey  has  such  a  dis- 
continuity, this  shou-B  itself  by  a  sharp  turn  in  the  curve;  if  the 
discontinuity  is  only  in  the  second  derivative,  there  is  a  sudden 
change  in  the  radius  of  curvature,  which  is.  however,  rvlatively 
difiicuJt  to  obsen'e  from  the  figure;  finally,  if  the  third  derivative 
is  discontinuous,  the  effect  upon  the  curve  is  no  loDger  apparent. 
Does  this  mean  that  it  is  impossible  to  picture  itT  Does  it  not  rather 
indicate  a  Umitation  in  the  usual  geometric  training  which  goes 
only  as  far  as  relations  expressible  in  t'Crms  of  tangency  and  curva- 
ture? For  the  interpretation  of  the  third  derivative  it  is  necessary 
to  consider  say  the  osculating  parabola  at  each  point  of  the  uuttc: 
in  the  case  referred  to,  as  we  pass  over  the  critical  point,  the 
tangent  line  and  osculating  circle  change  contitiuoualy.  but  there  is 
a  sudden  change  in  the  osculating  parabola.  If  In  fact  our  intuition 
vrere  trained  to  picture  osculating  algebraic  curves  of  all  orders,  it 
would  detect  a  discontinuity  in  a  derivative  of  any  order.  A  partial 
equivalent  would  be  the  ability  to  picture  the  successive  evolutes 
of  a  gjven  curve;  a  complete  e^^uivalcnt  would  be  the  picturing  of 
the  successive  slope  cur\-e8  y~f'{x),  y=/"(a:),etc.  All  this  requires, 
eWdcntly,  only  an  increase  in  the  intensity  of  our  intuition,  not  a 
change  in  its  nature, 

This,  however,  ivould  not  apply  to  all  questions.  Thf  re  are  func- 
tions which,  wlxile  possessing  derivatives  of  all  orders  (then  neces- 
sarily continuous),  are  not  analytic  (that  is.  not  expressible  by  power 
series).  What  is  it  that  distinguishes  the  analytic  curves  arooDg  tbi 
larger  ela&s?  Is  it  possible  to  put  the  distinction  in  a  form  eapftt 
of  assimilation  by  an  idealized  intuition?  In  short,  what  is  tlie 
really  geometric  definition  of  an  analytic  curve  ? ' 

Much  rcccfit  work  in  function  theory  has  had  for  its  point  of  de- 
parture a  more  general  basis  than  the  theory  of  ourvcs,  namely,  the 
theory  of  sets  or  assemblages  of  points,  uilh  special  rcfercncr  to 
the  notions  of  derived  sot  and  the  various  contents  or  arpax.  The 
geometry  of  point  sets  must  indeed  be  regarded  as  one  of  the  mmt 
imfxirtont  and  promising  in  the  whole  fieJd  of  mathematics.  It 
receives  its  distinctive  character,  as  compared  with  the  general 
abstract  theor}*  of  nssemblagcs  {Mengcntphre),  from  the  fact  that  it 
operates  not  with  all  one-to-one  poire;i[>ondences,  but  with  the 
group  of  analyaig  aitus,  the  group  of  eontinuoiu  one-to-one  conr- 
spondences.  From  the  point  of  view  of  the  larger  group,  there  U  no 
difitinction  between  a  one-dimensional  and  a  two-  or  man- 
stnnal  cfmtinnuni  (Cantor).  This  Ik  still  theraaeif  tJiecnm-.'-i  " 


'  OiMt  method  of  sttsdc  would  be  th*  int««T>nHiitiofi  of  IVnc9h«>im'ii  vomdh 
tiona;  thb  raquirca  not  merely  the  induSdual  ibrivativo  eurv«e»  hui  tli»  Umlt  of 
tbsqitam. 
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Es  coTiUnuouH  but  not  one-to-one  (Peano,  1890).  In  the  domain  of 
continuous  one-to-one  correspondpnce,  however,  npaccs  of  difTerent 
dimensions  arc  not  equivalent  (Jiirge-ns,  1890). 

An  important  elaas  of  curves,  much  more  general  than  those 
rcfern.'d  to  above,  consists  of  those  point  sf^ts  which  arc  equivalent 
(in  the  sense  of  analysin  tUtiA)  to  the  straight  line  or  segment  of  a 
straight  line.  This  is  Hurwits's  simple  and  elegant  geometric  form- 
ulation of  the  concept  originally  treated  analytically  by  Jordan, 
the  most  fundamental  cur\-e  concept  of  to-day.  The  cla'M'd  Jordan 
curves  are  defined  in  analogous  fashion  as  equivalent  to  the  pcri- 

^«  meter  of  a  square  (or  the  circumference  of  a  circle). 

^P  A  curve  of  th'ut  kind  divides  the  remaining  point.-;  of  the  plane  into 
ttvo  simply  connected  continua,  an  inside  and  an  out.^idc.     The 

^  necessity  for  proof  of  this  seemingly  obvious  result  is  seen  from  the 

^  fact  that  the  Jordan  claas  includes  such  extraordinary  types  as  the 
curve  with  positive  content  constructed  recently  by  Osgood.'  Such 
&  separation  of  the  plane  may,  however,  be  tliought  about  by  other 
than  Jordan  curves:    the  concept  of  the  boundar>'  of  a  connected 

I  region  ^ves  perhaps  the  most  extensive  class  of  point  sets  which 
deserve  to  be  called  curve.  Schoenflies  propoBcs  a  definition  for  the 
idea  of  a  simple  closed  cui:vo  which  makes  it  appear  as  the  natural 
extension,  in  a  certain  sense,  of  the  polygon:  a  perfect  sot  Of  points 
F  which  separate  the  plane  into  an  exterior  region  E  and  an  interior 
region  /  such  that  any  E  point  can  be  connected  witb  any  /  point 
by  ft  path  {Polygonstrecke)  having  only  one  point  in  common  with 
F.  This  is  in  effect  a  converse  of  Jordan's  theorem,  and  shows 
preri«-ly  how  the  Jordan  eur\'e  is  distinguished  from  other  typerf 
of  boundaries  of  connected  regions. 

These  discuasions  are  mentioned  here  simply  as  aspects  of  a  really 
fundamental  problem:  the  revision  uf  the  concepts  and  results  of 
that  diviwon  of  geometry  which  has  l>een  variously  termed  analt/nn 

Iiitus,  theorj'  of  connection,  topology,  geometry  of  situation  —  a 
re\'ision  to  be  carried  out  in  the  tight  of  the  theory  of  assemblages.' 
f  Algebraic  Surface*  and  BiratMnal  Tran$formaHotu 

After  the  demonst-ration  of  the  power  of  the  methods  based  upon 
projective  transformation,  —  the  chief  contribution  due  to  the 
geometera  of  the  firet  half  of  the  nineteenth  century,  —  attempts 
were  made  to  introduce  other  t>*pe8  of  one-to-one  oorrespondenoe  or 
transformation  into  algebraic  geometry;  in  particular  the  inversion 
^of  William  Thomson  and  Uouville,  and  the  quadratic  transformaliori 
>f  Magnus.  The  general  theory  of  such  Cremona  transformations 
inauguratetl  by  the  Italian  geometer  iu  his  memoir  SuUe  trtu- 

•  TVofM.  Am/r.  \fith.  So^..  vn\.  tv  filMWl.  p.  107. 

*  Cf.  ScliocnflieA,  Math.  Amialtn,  vols.  LVUl,  LIX  (1003,  IWM). 
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Jormaxioni  getmustruhe  dcUe  pgure  piane,  published  in  tS63.  Within 
afcvyears,  Diffnrd,  Nocther,  and  Rasajics,  working  indcpcndcDtly, 
cstablitthod  the  rciiiarkahic  m«ult  that  Rvcry  Cremona  trunsfonnB- 
tion  in  a  plane  can  bo  decomposed  into  a  HUcccssion  of  quadnitlc 
transformations,  thus  brin^nf;  to  light  the  fact  that  there  are  at 
bottom  only  two  types  of  algebraic  onc-to-oue  correspondence,  thf 
homogmphic  and  the  quadratic.' 

The  development  of  a  corresponding  theor}'  in  space  haa  been  one 
of  the  chief  aims  of  ihe  geometers  of  Italy,  Germany,  and  Kngland 
for  the  laat  thirty  years,  hut  the  e^^sential  question  of  dernni position 
Btill  remaius  unanswered.  Is  it  poasihlc  to  reduce  the  general  Cremona 
transformation  of  space  to  a  6mte  number  of  fundamental  iypeaf 

In  its  applipBtion  to  the  study  of  the  properties  uf  algebraic 
curves  and  surfaces,  the  theorj'  of  the  Cremona  transforiualion 
is  usually  merged  in  the  more  general  theory  of  the  birational  Irant- 
formation.  By  means  of  the  latter,  a  correspondence  is  eslahlbhed 
uliieh  is  one-to-Kjne  for  the  points  of  the  particular  figure  cousideicd 
and  the  transformed  figure,  but  not  for  all  ihe  pointa  of  spank  In 
the  plane  theory  an  important  result  is  that  a  cur>'enitli  thn  moBi 
tt^mplicaled  singularities  can,  by  means  uf  Cremona  tranHfuniiatious, 
be  converted  into  a  cune  whose  only  aingularities  are  multiple 
[K>iiits  with  distinct  tatigenl«  (Nuether);  furthermore,  by  means  of 
birational  transformations,  llu>  singularilie.s  may  be  reduced  to  the 
very  tiimpteKt  type,  ordinary  double  points  (Berttni).  The  known 
theory  of  space  cnrveit  in  also,  in  this  aspert,  quite  complete,  lite 
analogous  problem  of  the  nxluction  of  higher  singularities!  of  a  sur- 
face has  been  considered  by  Nooiher,  Del  Pczzo,  Segrc,  Kobb,  and 
others,  but  no  ultimate  conclunion  ha»  yet  been  obtainctl. 

One  principal  eourcc  of  difliculiy  is  tliat,  while  in  ease  of  two 
birationally  equivalent  curves  the  correspondence  is  one-to-one 
without  exeeptinn,  on  the  other  hand,  in  the  caac  of  two  sorfaocs. 
thcri'  niny  be  isolated  points  which  correspond  to  curves,  and  Just 
such  irregulsr  phenomena  escape  the  ordinary  methods.  Again, 
n«jt  only  dinfrular  points  require  consideration,  as  is  the  ease  in  the 
plane  theory,  but  also  singular  lines,  and  the  points  may  be  isolated 
or  superimposed  on  the  lines.  Most  euoceas  is  to  be  ex[H!etcd  from 
further  application  of  the  method  of  projection  from  a  higher  space 
due  to  Clifford  and  Veronese.  In  this  direction  the  most  important 
result  hitherto  obtained  is  the  theorem,  of  Picard  and  Sim&rt,  that 
any  algebraic  surface  (in  rinUnart*  t!i>ace)  can  Iw  rri;ank-d  as  the 
pn)ject  ion  of  a  surface  free  from  singulaiiLics  aitoaletl  in  five-dimen- 
siunal  space. 


'  Af|rv  KCMitly  eaDad  att<«tioii  to  a  eian  vhrm  tht  aninl  mothodi  of  dlfnw- 
•inn  fKil  In  applv;  lh»  yimct  hu  bMO  complrtrd  by  Cutnlnuovo.  Ct-  Atti  A 
Tonnv.  vol,  XKXVi  (lOOl). 


PHESKNT  PROBLEMS  OF  GEOMETRY 


569 


A  question  which  awaits  nolution  even  iu  the  case  of  the  plane 
is  that  relating  tu  the  iiiviiriatitH  of  the  group  of  Creinuria  trans- 
furiiiatiunH  pruper.  The  genus  and  (iicmuiiuli  of  a  curve  are  unaltered 

'  by  all  birational  transformations,  but  the  problem  aiiaes:  Are  there 
propcrtieB  of  cun'es  which  remain  iiiiclmnged  by  Cremona,  although 
not  by  other  birational  lraii»formalioiis7  From  the  fact  that 
birationally  equivalent  curves  neeil  not  be  equivalent  under  the 
Cremona  grouj),  it  would  Heem  that,  such  invariants  —  Cremona 
iiivarianls  proper  —  do  exist,  but  no  actual  examples  have  yet  been 
obtained.  The  problem  may  be  restated  in  the  form:  What  are  the 
jiccessary  and  suffK-ieiil  cotKHtioi)!^  which  mu.>)t  be  fuIGlled  by  two 
curves  if  they  are  to  Imi  e<[uivulent  with  rcsiiet^t  to  Cremona  trans- 

<  forruationti?  I-xfuality  uf  genera  and  moduli,  as  already  remarked,  is 
necessary  hut  nut  suHicient. 

The  invariant  theory  of  birational  iransformatiuiis  has  for  its 
priocipal  object  the  study  of  the  linear  systems  of  point  groups 
on  a  given  algebraic  curve,  that  is,  the  point  groups  cut  out  by 
linear  sysli'ms  tif  cun'ca.  Ila  foundations  were  implicitly  laid  by 
Riemann  in  his  discussion  of  the  e<iuivalent  tlicory  of  algebraic  func- 
tions on  a  Rieinanti  surface,  though  the  actual  application  t«  curves 
is  ilue  to  Clcbi^ch.  Motit  of  (he  later  work  has  proceetlcd  along 
the  algobraie-geometric  tines  developed  by  Brill  and  Noether,  the 
promising  purely  geometric  treatment  inaugurated  by  Segre  being 
rather  neglected. 

The  extension  of  this  type  of  geometry  to  space,  that  is,  the  de- 
velopment of  a  ayatematic  geometry  on  a  fundamental  algebraic 
surface  (especially  as  regards  the  linear  sysleou  of  cur\'ea  situated 

I  thereon),  is  one  of  tbc  main  tasks  of  recent  mathematics.  The 
geometric  treatment  is  given  in  the  memoirs  of  Enriqucs  and  Castcl- 
nuovo,  while  the  corresponding  functional  aspect  is  the  subject  of 
the  treatise  of  Picard  and  Simart  on  algebraic  functions  of  two 
variables,  at  present  in  course  of  publication. 
The  moet  interesting  feature  of  the  investigations  belonging  in 
this  Seld  is  the  often  unexpected  light  which  they  throw  on  the 
inter-relations  of  distinct  fields  of  mathematics,  and  the  advantage 
derivtxl  from  such  relations,  tor  example,  I'icard  (as  he  himBelf 
relates  on  presenting  the  second  volume  uf  hid  treatise  to  the  Paris 
Academy  a  few  months  ago)  '  for  a  long  time  was  unable  to  prove 

•  directly  that  (he  integrals  of  algebraic  total  differentials  can  be 
reduced,  in  general,  to  algebraic-logarithmic  combinations,  until 
finally  a  methotl  for  deciding  the  matter  was  suggested  by  a  theorem 
on  surfaces  which  Noether  had  stated  some  twenty  years  earlier. 
Again,  in  the  enumeration  of  the  double  integrals  of  the  second 
species,  Picard  arrived  at  a  certain  result,  which  was  soon  noticed 

>  Comple*  UcndMa,  [Vbruaiy  1.  WA. 


570 


GEOMETRY 


to  be  essentially  equivalcuE  to  one  oblaiced  by  Castelnuovo  in  bis 
investigations  on  linear  systems;  and  thus  there  was  established 
a  connection  between  the  so-called  numerical  and  linear  genera  of  a 
sxirface,  and  the  number  of  distinct  double  integrals.^ 

A  closely  related  set  of  investigation  a,  originating  with  Clebsch's 
theorems  on  intersections  and  Liouvillc's  on  confocal  quadrics,  may 
be  tenned  the  "geometry  of  Abel's  theorem,"  As  later  applications 
we  ran  merely  mention  TTumbert's  memoirs  on  certain  metric  pro- 
perties of  cur\'es,  and  Lie's  determination  of  surfaces  of  translation. 

Investigations  in  analysis  have  oft«n  suggested  the  introduc- 
tion of  new  types  of  configurations  into  gr<tmetry.  The  field  of  alge- 
braic surfaces  is  especially  fruitful  in  this  rrspcct,  Thus,  while  in  the 
case  of  curves  (excluding  the  rational)  there  always  exist  int«gr&ls 
everywhere  finite,  this  holds  for  only  a  restricted  class  of  surfaces; 
their  determination  depends  on  the  solution  of  a  partial  differential 
equation  which  has  been  discussed  in  a  few  special  cases. 

In  addition  to  such  relations  between  analysts  and  geometry, 
important  n*lations  arise  between  various  fields  of  geometry.  Just 
as  an  algebraic  function  of  one  variable  is  pictured  by  cither  a  plane 
curve  or  a  Riemann  surface  (according  as  the  independent  and  tie- 
pendent  variables  are  taken  to  be  real  or  complex),  so  an  algebraic 
function  of  two  independent  variables  may  be  represented  by  either 
a  surface  in  ordinary  space  or  a  RJemannian  four-dinienstonal  mani- 
fold in  space  of  five  dimensions.  In  the  case  of  one  variable,  the 
single  invariant  number  (deficiency  or  genus  p)  which  arues  is 
capable  of  definition  in  terms  of  the  characteristics  of  the  curve  or 
the  connectivity  of  the  Riemann  surface.  In  passing  to  two  variables, 
however,  It  is  necessary  to  consider  several  arithmetical  invariants 
—  just  how  many  is  an  unsettled  question.  For  the  algebraic  surface 
we  have,  for  instance,  the  geometric  genua  of  Clebsch,  the  numerical 
genus  of  Cayley,  and  the  so-called  second  genus,  each  of  which  may 
l»e  regarded  as  a  generalization,  from  a  certain  point  of  view,  of  ihp 
single  genus  of  a  cur\*e;  all  are  invariant  with  respect  to  birational 
transformation. 

The  other  geometric  interpretation,  by  means  of  a  RJemannian 
manifold,  has  rendered  necessary  the  study  of  the  ancUyn*  n'tM  of 
higher  spaces.  The  connection  of  such  a  manifold  ii  no  longer  nc- 
preased  by  a  single  numlter  as  in  the  case  of  an  ordinar}*  surface,  but 
by  a  set  of  two  or  more,  the  so-called  numbers  of  lietti  and  lliemann. 
The  detailed  theory  of  these  connectivities,  difficult  and  dclicoie 
because  it  must  be  derived  with  little  aid  from  the  intuition,  has  been 
made  the  subject  of  an  extensive  series  of  memoirs  by  Poincartf. 

From  the  point  of  view  of  analysis,  the  chief  intmat  in  tluN 
in^'CBiigatlons  is  the  fact  that  the  connertivitles  are  related  to  iUf 
•  CampUa  BatduM^  FobniBiy  32,  tBM. 
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number  of  integrals  of  certain  types.  The  chief  problem  for  the 
}meter,  however,  is  the  discovery  of  the  preciae  relations  between 

le  connectivities  of  the  Riemann  manifold  and  the  various  genera 
of  the  algebraic  surface.  That  relations  do  exist  between  such  di- 
ireree  geonietries  —  the  one  operating  with  all  continuous,  the  other 

rith  the  algebraic,  one-to-one  correspondence  —  is  one  of  the  moat 

triking  results  of  recent  mathematics. 

Geometry  of  Multiple  Form* 

For  some  time  after  its  origin,  the  linear  invariant  theory  of 
lie,  Cayley,  and  Sylvester  confined  itself  to  forms  containing  a 
tingle  set  of  variables.  The  needs  of  both  analj-sia  and  geometry, 
however,  have  emphasized  the  importance  and  the  necessity  of 
further  development  of  the  theory  of  forms  containing  two  or  more 
Bet«  of  variables  (of  the  same  or  different  type),  so-called  mdtipte 
forms. 

In  the  plane  we  have  both  point  coordinates  (r)  and  line  coor- 
dinates («).     A  form  in  x  corresponds  to  a  point  curve  (locns),  a 
form  in  u  to  a  line  curve  (envelope),  and  a  form  involving  both  z 
ind  u  to  a  connex.    The  latter  was  introduce*!  into  geometry,  some 
lirty  years  ago,  by  Giebsch,  the  suggestion  coming  from  the  fact 
lat,  even  in  the  study  of  a  simple  form  in  x,  covariants  In  x  and  t* 
Present  themselves,  so  that  it  seemed  desirable  to  deal  mth  such 
lonus  ab  initio. 

Passing  to  space,  we  meet  three  simple  elements,  the  point  (x), 
the  plane  (u),  and  the  line  (p).  Forms  in  a  single  set  of  variables 
represent,  respectively,  a  surface  as  point  locus,  a  surface  as  plane 
envelope,  and  a  complex  of  lines.  The  compound  elements  composed 
)f  two  simple  elements  are  the  point-plane,  the  point-line,  and  the 
)lane-line.  The  first  type,  leading  to  point-plane  connexes,  has  been 
tudied  extensively  during  the  past  few  years;  the  second  to  a  more 
fimited  degree;  the  third  is  merely  the  dual  of  the  second.  To  com- 
jlote  the  series,  the  case  of  the  point-line-plane  as  element,  or  forma 
involving  x,  u,  and  p,  requires  investigation. 

In  the  corresponding  n-dimenaonal  theory  it  is  necessary  to  take 
account  of  n  simple  elements  and  the  various  compound  elements 
formed  by  their  combinations. 

The  importance  of  such  work  is  twofold:  First,  on  account  of 
connection  with  the  algebra  of  invariants.  A  fundamental  theorem 
of  Clebsch  states  that,  in  the  investigation  of  complete  systems  of 
Bomitants,  it  is  sufficient  to  consider  forms  involving  not  more  than 
>ne  set  of  variables  of  each  type:  if  in  the  given  forms  the  types  are 
involved  in  any  manner,  it  is  possible  to  find  an  equivalent  reduced 
system  of  the  kind  described.  On  the  other  hand,  it  is  intpossible 
luce  the  system  further,  so  that  the  introduction  of  the  n  t>'pea 
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of  variablcB  is  ooccasary  for  the  algebraically  complete  discussion. 
Geomctr)'  must  accordingly  extend  itself  to  accommodate  the 
configurations  deilntd  by  the  new  elonients. 

Second,  on  account  of  connection  with  the  theory  of  difTcrcuLial 
equations.  The  ordinary  plane  connex  in  x,  u,  assigns  to  each  poiot 
of  the  plane  a  certain  number  of  directions  (represented  by  thf 
tangents  drawn  to  the  corresponding  curve),  and  thus  gives  rise  to 
an  (algebraic)  differential  equation  of  the  first  order  in  two  variables; 
the  ])oin1^plane  conncx  in  space,  associating  with  each  point  a  single 
infinity  of  incident  planes,  defines  a  partial  differential  equation 
of  the  first  order;  the  point-line  conuex  yields  a  Mongc  equation 
The  priint-linc-plane  case  has  not  yet  been  interpreted  from  (his 
point  of  view, 

One  special  problem  in  this  6eld  deserves  mention,  on  account  of  its 
many  applications.  This  is  the  study  of  the  system  comjKHicd  of  a 
quadric  form  in  any  number  of  variabtes  and  a  bilinear  form  in  cod- 
trugredicnt  variables,  that  is,  a  (juadric  manifold  and  an  arbilrar> 
(not  merely  automorphic)  collincation  in  n-space.  For  n— 6,  for 
example,  this  corrcsjjonds  to  the  general  linear  transformation  of 
line  or  sphere  coordinates. 

In  addition  to  forms  containing  variables  of  different  types,  thr 
forms  involving  several  sets  of  variables  of  the  same  \.y\x  require 
consideration.  Forms  in  two  sets  of  line  coordinates  present  them- 
selves  in  connection  with  the  pfaffian  problem  of  differentia)  systems. 
The  main  interest  attaches,  however,  to  forma  in  sets  of  point  cou^ 
dinates,  since  it  is  thcRc  which  occiu  in  the  theory  of  contact  tran§- 
forntations  and  of  multiple  correspondences.  For  example,  whUr 
the  ordinary  homography  on  a  line  is  represented  by  a  bilinear  form 
in  binar>'  variables,  the  trilinear  form  in  similar  variables  gives  rist- 
to  a  now  geometric  variety,  the  so-called  homography  of  the  second 
class  (associating  with  any  two  points  a  unique  third  point),  which 
has  applications  to  the  generation  of  cubic  surfaces  and  to  the  oon- 
Btructiona  at  the  basis  of  photogrammetr>'.  The  theory  of  multilinear 
forms  in  general  deser\'cs  more  attention  than  it  has  yet  received. 

Other  important  problems,  connected  nith  the  geometric  phases  of 
linear  invariant  theory,  can  merely  be  mentioned:  (I)  The  general 
geometric  interpretntioD  of  what  appears  algebraically  as  the  sim- 
plest projective  relation,  namely,  apolarity.  (2)  The  invariant  dis- 
cussion of  the  umpler  discontinuous  varieties,  for  example,  the  poly- 
gon considered  as  n-point  or  as  n-line.'  (3)  The  establishment  of  a 
^stem  of  forma  corresponding  to  the  general  space  curve.  (4)  The 
study  of  the  properties  and  the  groups  of  the  configurations  cor- 

*  Cf.  F.  Morii7  "On  the  ceonirt-rv  whose  dMnont  is  thi  3-patnk  of  a  ptsM," 
TVinw  Amrr.  MiOk.  Soc.,  voL  V  (IWM).  K.  Study  in  hb  (U&»utrU  dtt  Oywainw 
de^lo|»  n  nnr  ffiunilotloa  for  kbumutia  by  ctupIoyUiff  m  ekimeot  tlw  dHWO  4r 
ttfaoctufular  UihodnHi. 
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uponding  in  hypprspace  to  the  simpler  sj-atrms  nf  invariants.    (5) 
^Coniplpte  systpms  of  orthogonol  or  metric  invoriantfl  for  the  simpler 
cur^'cs.* 

TraruiecTidental  Curves 

To  reduce  to  systematic  order  the  chaos  of  non-algcbralc  curves 

been  the  aspiration  of  many  a  mathematician;   but.  despite  alt 

[fforts,  wc  have  no  theory'  comparable  with  that  of  alt^ebmin  curves. 

If  vcr)-  vagueness  and  apparent  hopele'SsncMS  of  (he  question  \b 

ipl  to  repel  the  modern  muthcmntieian,  to  cause  him  to  return  to 

ir  more  familiar  field.    The  resulting  concentration  has  led  to  the 

powerful  methods,  already  refcm-d  to,  for  studying  algebraic  varic- 

^■ties.    Id  the  transcendental  domain,  on  the  other  hand,  we  have  a 

^HDultitudei  of  interesting  but  particular  geometric  forms,  —  mmc 

^wiggested  by  mcchanieg  and  physies,  others  derived  from  their  relation 

^Bo  algebraic  cur\'es,  or  by  the  interpretation  of  analytic  results  -i- 

^'ft  few  thousands  of  which  have  been  considered  of  sufficient  importance 

to  deeerve  specific  names.*   The  problem  at  issue  is  then  u  practical 

one  fcomparable  nith  corresponding  disoussiona  in  natural  liL*<tory): 

to  fonnulntc  a  principle  of  classification  which  will  apply,  not  to  all 

pusfible  curves,  but  to  as  many  as  possible  of  the  unual  important 

transcendental  cur^'c^. 

IThe   most   rmitful   sugg^^tion   hitherto   applitnl   has  come   from 
the  consideration  of  differential  equations:  almost  all  the  important 
transcendental  curves  satisfy  algebraic  differential  equations,  and 
these  in  the  great  majority  of  cases  are  of  the  firet  order.    Hence  the 
Deed  of  a  systematic  discussion  of  the  curves  dcfineti  by  any  algebraic 
t<I«fttion  F(x,  y,  y*)  =0,  the  so-called  panaigebruic  curves  of  I^ria.    If 
F  is  of  degree  n  in  y'and  of  degree  v  in  x,  i/.  the  curve  is  said  tolwlong 
.,   to  a  system  with  the  characteristics  {n,  i/).  and  \vc  thus  have  an  im- 
|B|M>rtanl  basis  for  classification.    Closely  related  is  the  (hear)'  of  the 
^Hblebech  connex;  this  figure,  it  is  true,  is  considere*!  as  L>e1uiiging  to 
|Bblgehraic  geometry,  but  it  defines  (by  means  of  it«  principal  cotnei- 
donce)  a  system  of  usually  transeendenlal  panalgebrnie  curves. 
Both  points  of  view  appear  to  characteriite  certain  systems  of 
,     curves  rather  than  individual  cur\'es.    The  following  interpretation 
^fciay  »er\'e  as  a  simple  geometrir  flefiriition  of  the  curves  considered. 
^P    With  any  plane  curve  C  we  may  associate  a  space  cur\-e  in  this 
way:  at  each  point  of  C  erect  a  perpendicular  to  the  plane  whose 
length  represents  the  slope  of  the  cur\*e  at  that  point-;  the  locus  of 
^■the  end  point«of  these  perpendiculars  ia  the  associatwl  space  curve 

^V     '  FTe^<^  would  Mtmg  In  partkulfu-  Che  theory  of  Alg«br«ic  eurvra  biuiM  on  link- 
agra.     Litllr  mlviinn'  tiiu*  Ink'ii  ttiMlc  Iwyotid  thp  vx'imIvdov  tlieomnui  of  Krrum 
uid  Kcxojii^,   An  important  unmlvod  problem  \»  the  dehinniiiatkiii  of  the  link- 
BfCv  ^th  TniniiDiim  niimtior  of  pii-ofs  hy  which  ft  given  curve  con  be  desaibed. 
*  or.  I^ria,  SptiUUe  Kurvtn,  Lvtpxig,  1902. 
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C.  Not  every  space  cun'c  is  obtained  in  this  \ray,  but  only  those 
whose  tangents  belong  to  u  cert&in  linear  complex.  If  C  is  algebraic 
BO  is  C,  and  then  an  infinite  number  of  algebraic  surfaces  may  be 
passed  through  the  latfer.  If  C  is  transcndeiital.  so  is  C,  and 
usually  no  algebraic  surface  can  be  passed  through  it.  Sometimee, 
however,  one  such  algebraic  surface  F  eusts.  (If  there  were  two, 
C  and  C  would  be  algebraic.)  it  is  precisely  in  this  case  that  the 
curve  C  is  panalgebraic  in  the  sense  of  Loria's  theory.  Tlmt  such  a 
curve  belongs  to  a  definite  system  is  seen  from  the  fact  that  while  the 
surface  F  is  unique,  it  contains  a  singly  infinite  number  of  curries 
whose  tangents  belong  to  the  linear  complex  mentioned,  and  the 
orthogonal  projections  of  these  curves  constitute  the  required  system. 
The  principal  problems  in  this  field  which  require  treatment  are: 
first,  the  exhaustive  discuswon  of  the  siuipleet  sj*stems,  correspond- 
ing to  small  valuesof  the  characteristics  n  and  v;  second,  the  study  of 
the  general  case  in  connection  with  (1)  algebraic  differential  ec^ua- 
tions,  ('2)  connexes,  and  (3)  algebraic  surfaces  and  linear  complex^ 

Naturai  or  Inirinsie  Geomeiry 

In  spite  of  the  immediate  triumph  of  the  Cartesian  system  at  the 
time  of  it«  uitroduction  into  mathematics,  rebellion  against  what 
may  be  termed  the  tyranny  of  extraneous  coordinates,  first  expressed 
in  the  CharacteriMica  geomftrica  of  Leibnitz,  has  been  an  ever-preseaC 
though  often  subdued  infiucnce  in  the  development  of  geometry. 
Why  should  the  properties  of  a  curve  be  expressed  in  terms  of  x't 
and  y's  which  arc  defined  not  by  the  curve  itself,  but  by  its  relatioo 
to  certain  arbitrary  elements  of  reference?  The  same  curve  in  differ- 
ent positioii.s  may  have  unlike  equations,  so  that  it  is  not  a  simpk 
matter  to  decide  whether  given  equations  represent  really  distinct  or 
merely  congruent  curves.  The  idea  of  the  so^alled  natural  or  ia> 
trinsic  coordinates  had  its  birth  during  the  early  years  of  the  nine- 
teenth century,  but  it  is  only  the  systematic  treatment  of  recent 
years  which  has  created  a  new  field  of  geometry'. 

For  a  plane  cur^-e  there  is  at  each  point  the  arc  »  measured  from 
some  fixed  point  on  the  curve,  and  the  radius  of  cur\-ature  p;  the«« 
intrinsic  coordinates  are  connected  by  a  relation  p  =/{*)  wbich  is 
precisely  characteristic  of  the  curve,  that  Is,  the  curves  corrvflponding 
to  the  equation  dilTer  only  in  position.  There  is,  however,  still 
something  arbitrary  in  the  point  taken  as  origin.  This  la  eliminated 
by  taking  as  coordinates  p  and  tt«  derivative  S  tak'^n  with  mpMt 
to  the  arc;  so  that  the  final  intrinsic  equation  is  of  the  form  B^Pip). 
Tliere  is  no  difficulty  in  extending  tbo  method  to  spsM  cur\'t«.  The 
two  natural  equations  necessary  are  here  T*=^(p),  3=^(/>).  where 
p  and  T  are  th«  radii  of  first  and  second  curvature  and  5  is  the  tni 
derivative  of  p. 
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The  application  to  surfaces  is  not  so  evident.  Thus,  in  Cesaro's 
slandant  work,  while  the  discussion  of  curves  is  consistently  in- 
trinaic,  this  is  true  to  only  a  slight  extent  in  the  treatment  of  surfaces. 

tThe  natural  geometry  of  surfaces  is  in  fact  only  in  process  of  fonna- 
tion.  Bianchi  proposes  as  intrinsic  the  fomiliar  representation  by 
means  of  the  two  fundamental  quadratic  differential  forms;  but, 
although  it  is  true  that  the  surfaces  corresponding  to  a  given  pair 
of  forms  are  necessarily  congruent,  there  is  the  disadvantage,  arising 
from  the  presence  of  arbitrary  parameters,  that  the  same  surface 
may  be  represented  by  distinct  pairs  of  forms.  One  way  of  over- 
coming this  difficulty  is  to  introduce  The  common  feature  of  all  pairs 
corresponding  to  a  surface,  that  Is,  the  invariants  of  the  forma:  in 
this  direction  we  may  cite  Ricci's  principle  of  covariant  differeotifr- 

(tion  and  Maschke's  recent  application  of  symbolic  methods. 
The  basis  of  natural  geometry  is,  essentially,  the  theory  of  differ- 
ential invariants.  Under  the  group  of  motions,  a  given  confijfuration 
assumes  ce  '  positions,  where  r  is  in  general  6,  but  may  be  smaller 
In  certain  cases.  The  r  parameters  which  thus  enter  in  the  analjrtic 
representation  may  be  eliminated  by  the  formation  of  differential 
equations.  TTie  aim  of  natural  geometry  is  to  express  these  differ- 
ential e<iuations  in  terms  of  the  simplest  geometric  elements  of  the 
given  configuration. 

The  beginning  of  such  a  discussion  of  surfaces  was  given  by  Sophus 
HUe  in  189Q  and  his  work  has  been  somewhat  simpli^ed  by  Scheffers. 
As  natural  coordinates  we  may  take  the  principal  radii  of  curvature 
Ri,  Rt,  ftt  a  point  of  the  surface,  and  their  derivatives 

^■•^^       ^""^.       *""d,, 

taken  in  the  principal  directions.    For  a  given  surface  (excluding 

I  the  Weingarten  class)  the  radii  are  independent,  and  there  are  four 
relations  of  the  form 
f 


Conversely,  these  equations  are  not  satisfied  by  any  surfaces  except 
those  congruent  or  symmetric  to  the  given  surface. 
B  It  is  to  be  noticed  that  four  equations  thus  appear  to  be  necessary 
™-to  define  a  surface,  although  two  are  sufficient  for  a  twisted  curve. 
If  a  single  equation  in  the  above-men tionctl  natural  coordinates  is 
considered,  it  is  not,  as  in  the  case  of  ordinary  coordinates,  charac- 

■  terstic:  surfaces  not  congruent  or  symmetric  to  the  given  surface 
would  satisfy  the  equation.  The  apparent  inconsistency  which  arises 
ia  removed,  however,  by  the  fact  that  the  four  natural  equations  are 
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dependent.'  It  iis  just  this  that  makes  the  subject  difficiilt  as  com- 
pared with  the  theory  of  cun-es,  in  which  the  definiag  e^juations  are 
entirely  arbitrary-.  The  questions  demanding  treatment  fall  under 
these  two  headings:  firat,  the  derivation  of  the  natural  equatioui 
of  the  familiar  types  of  eurfacea,  and  second,  the  study  of  the  new 
types  that  correspond  to  equations  of  simple  form.  The  natural 
geometry  of  the  Weingarten  class  of  surfaces  requires  a  distinct  basis. 

The  fact  that  intrinsic  coordinates  are,  at  bottom,  differratial 
mvariaiita  with  respect  to  the  group  of  motions,  suggMta  the  exten- 
sion of  the  same  idea  to  the  other  groups.  Thus  in  the  projecti\'e 
geometry  of  arbitrary  (algebraic  or  transcendental)  ciir\-eB,  coor- 
dinates are  required  which,  unlike  the  distances  and  angles  ordin- 
arily used,  are  invariant  under  projection.  These  might,  for  exam- 
ple, be  introduced  as  follows.  At  each  point  of  the  general  curve  C, 
there  is  a  unique  osculating  cubic  and  a  unique  osculating  If'  (self- 
projective)  cun'c.  Connected  with  each  of  lhe«e  osculating  curves 
is  an  absolute  projective  invariant  defined  as  an  anharmonio  ratio. 
These  ratios  may  then  be  taken  as  natural  projective  co6rdinat« 
■y  and  Q),  and  the  natural  equation  on  the  curve  is  of  the  fortii 
yfiu/).  The  principal  advantage  of  such  a  representation  is  that 
the  necessar>'  and  sufficient  condition  for  the  equivalence  of  two 
curves  under  projective  transformations  is  simply  the  identity  of  the 
corresponding  equations. 

Returning  to  the  theory  of  surfaces,  natural  codrdlnateei  may 
be  introduced  so  a«  to  fit  into  the  so-called  geometry  of  a  flexible 
bul  inextcnsible  surface,  originated  by  Gauss,  in  which  the  criterioo 
of  equivalence  is  applicability,  or,  according  to  the  more  accurate 
phraseology  of  Voss,  isometry.  Intrinsic  coordinates  must  then  be 
invariant  with  respect  to  bending  {Bietjun/jtinvoriante).  This  pro- 
perty is  fulfilled,  for  example,  by  the  Gaussian  curvature  k  and  the 
differential  parameters  connected  with  it  X=A  (x,  *c).  /&— j1(k,  X), 
i'=A(X,  X),  all  capable  of  simple  geometric  tnterprelalioa.  The 
intrinsic  equations  are  then  of  the  form  ;«,=^(k,  X),  i'-(^(k,  X). 

A  pair  of  equations  nf  this  kind  thus  represent,  not  so  much  a 
single  surface  >S.  as  the  totality  of  all  surfaces  applicable  on  iS'  (or 
into  which  S  may  \k  bent)  —  a  totality  which  is  termed  a  complete 
group  G.  since  no  additional  surfaces  are  obtained  when  Ihs  same 
pi-ocpss  is  applitH.!  to  any  member  of  the  totality.  The  discussion  of 
such  groups  Ln  ordinarily  based  on  the  first  fundamental  form  (repr^ 
senting  the  squarwl  element  of  length),  since  this  ts  the  same  for 
isometric  surfaces;  though  of  course  it  chartges  on  the  bitroduction 
of  new  parameters. 

The  simplest  example  of  a  eoroplete  Isometric  group  is  the  group 

'  Tbe  ihnw  rvIfetJonji  connt^nc  th«  ruaetioiu  fi,.  ttffn'  /n  l>av»  bne  tmkad 
out  iM<ntly  by  H.  Itolirr,  \tatfi   Antutltn,  vtA.  Lvm  [l904}. 
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typified  by  the  plane,  consistiDg  of  all  the  developable  surfaces.  la 
this  case  the  equatioTia  of  the  group  may  be  obtaiDed  explicitly,  in 
tenns  of  eliiiiiDations,  difTerentiations,  and  quadratures.  This  is, 
however,  quite  exceptional;  thus,  even,  in  the  case  of  the  surfaces 
applicable  on  the  unit  sphere  (surfaces  of  constant  Gaussian  curv- 
ature +  1),  the  diCferential  equation  of  the  group  has  not  been 
integrated  explicitly.  In  fact,  until  the  year  1866,  not  a  single  case 
analogous  to  that  of  the  developable  surfaces  was  discovered.  Wein- 
garten,  by  means  of  his  theory  of  evolutes,  then  succeeded  in  deter- 
mining the  complete  group  of  the  catenoid  and  of  the  paraboloid 
of  revolution,  and,  some  twenty  years  later,  a  fourth  group  defined 
in  terms  of  minimal  surfaces. 

During  the  past  decade,  the  French  geometers  have  concentrated 
their  efforts  in  this  field  mainly  on  the  arbitrar>'  paraboloid  (and  t^> 
some  extent  on  the  arbitrary'  quadric).  The  difficulties  even  in  this 
extremely  restricted  and  apparently  simple  caae  are  great,  and  are 
only  gradually  being  conquered  by  the  use  of  almost  the  whole 
wealth  of  modem  analysis  and  the  invention  of  now  methods  which 
undoubtedly  have  wider  fields  of  application.  The  results  obtained 
exhibit,  for  example,  connections  with  the  theories  of  surfaces  of 
constant  c«r\-ature,  isometric  surfaces,  Backlund  transformations, 
and  motions  with  two  degrees  of  freedom.  The  principal  workers 
are  Darboux,  Goursat,  Bianchi.  Thybaut,  Cosserat,  Servant,  Gui- 
chard,  and  Rafiy. 

Geometry  im  Oro»aen 

The  questions  we  have  just  been  considering,  in  common  with 
almost  all  the  developments  of  general  or  infinitesimal  geometry, 
deal  with  the  properties  of  the  figure  studied  im  Klriwn.  that  is, 
in  the  sufficiently  small  neigbborhood  of  a  given  point.  Algebraic 
geometry,  on  the  other  hand,  deals  with  cur^-ea  and  surfaces  in  their 
entirety.  This  distinction,  however,  is  not  inherent  in  the  subject- 
matter,  but  is  rather  a  subjective  one  due  to  the  limitations  of  our 
analysis:  our  re^ult^  being  obtained  by  the  use  of  power  series  are 

I  valid  only  in  the  region  of  convergence.    The  properties  of  a  curve 
or  surface  (assumed  analytic)  considerrd  as  a  whole  are  represented 
not  by  means  of  function  elements,  but  by  means  of  the  entire  func- 
tions obtained  say  by  analytic  continuation. 
Only  the  merest  traces  of  such  a  transcendental  geometry  im 
OroMMtn  are  in  existence,  but  the  interest  of  many  investigators  is 
undoubtedly  tending  in  this  direction.  The  difficulty  of  the  problems 
which  ari«  (in  spite  of  their  simple  and  natural  character)  and  the 
H  delicacy  of  method  necessary  in  their  treatment  may  be  compared 
^  In  the  corresponding  problems  and  methods  of  celestial  mechanics. 
The  calculation  of  the  cphemeris  of  a  planet  for  a  limited  time  is 
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a  problem  im  Kleinen,  while  the  discovery  of  periodic  orhiU  and  the 
theory  of  the  etability  of  the  solar  system  are  typical  problems  im 
Grossen. 

The  principal  problems  in  this  field  of  geometry  are  connected 
with  closed  cun'cs  and  surfaces.  Of  special  importance  are  the  inves- 
Ugations  relating  to  the  closed  geodesic  lines  vhich  can  be  drawn 
on  a  given  surface,  since  these  are  apt  to  lead  to  the  invention  of 
methods  applicable  to  the  wider  field  of  dynamica.  Geodesies  may 
in  fact  be  defined  dynamically  aa  trajectories  of  a  particle  conatraincd 
to  the  sitrface  and  acted  upon  either  by  no  force  or  by  a  force  due  to 
a  force  function  U  whose  first  differential  parameter  is  exprcRMble 
in  terms  of  U.  The  few  general  theorems  known  in  this  connection 
are  due  in  the  main  to  Hadamard  (Journal  de  Mathimatiques,  1897, 
1898).  ThuB,  on  a  closed  surface  whoee  curvature  is  everywhere 
positive,  a  point  describing  a  geodesic  must  cross  any  existing  closed 
geodesic  an  infinite  number  of  times,  so  that,  in  particular,  two 
closed  geodeMcs  necessarily  intersect.'  On  a  surface  of  negative 
curvature,  under  certain  restrictions,  there  exist  closed  geodcncs 
of  various  topological  types,  as  well  as  geodesies  which  approach 
these  asymptotically. 

As  regards  surfaces  all  of  whose  geodesies  are  closed,  the  investi- 
gations have  been  confined  entirely  to  the  case  of  surfaces  of  revo- 
lution, the  method  employed  being  that  suggested  by  Darboux  in 
the  Caun  de  Micanique  of  Despeyrons.  Last  year  ZoU '  succeeded 
in  determining  such  a  surface  (beyond  the  obvious  sphere)  which 
diffeni  from  the  other  known  solutions  in  not  having  any  singularities. 
Analogous  problems  in  connection  with  closed  lines  of  curvature 
and  asymptotic  lines  will  probably  soon  secure  the  consideration 
they  deserve. 

A  problem  of  difTcrent  tj-pe  is  the  determination  of  applicability 
criteria  valid  for  entire  surfaces.  The  ordinary*  conditiun.s  (in  terms 
of  diifcrcntial  parametxers)  assert,  for  example,  the  applicability  of 
any  surface  of  constant  positive  curvature  upon  a  sphere;  but  the 
bending  is  actually  posaible  only  for  a  sufficiently  smatl  portion  of  the 
surface.  A  spherical  surface  as  a  whole  cannot  bo  applied  on  any 
other  surface,  that  is,  cannot  be  bent  without  extension  or  tearing. 
This  result  is  analogous  to  the  theorem  known  to  Euclid,  although 
first  proved  by  Cauchy,  that  a  closed  convfix  polyhedral  surface  is 
oecesBarily  rigid.  T.agrange,  Minding,  and  Jellet  stated  the  rrautt  for 
an  closed  convex  surfaces,  but  the  complete  diaoussion  is  due  to 
H.  licbmann,'   The  theory  of  the  deformation  of  eonoave  sorfaow 

'  In  ft  pftpor  rvMd  More  ih«  Bt.  Ix>ub  mMlinn  of  Um  AtDMicaa  HalbiBtatlaa! 
Societv.  Pbtnoftr<  itated  naaotm  which  make  very  pnbabla  th*  oiitawi  of  at 
lean  Ham  doaed  gtodaaiea  on  a  mirfaoc  of  this  kind. 

■  Malk.  Atmoitn,  vol  LTn  (1900). 

•  (MMnyen  NatMdUm,  1890;  MaA.  4mwlM,  vob.  un,  uv 
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»  far  more  complicated,  and  awaita  solution  even  in  the  case  of 
polyhfKJrftl  8^1  rf aces. 

Beltrami's  ^nsuftlization  of  Lobachevsky's  geometry  by  pictur- 
ing the  straight  lines  of  the  Lobachevsky  plane  as  geodesies  on 
a  aiirfflce  of  constant  negative  curvature  is  well  known.  However, 
since  the  known  surfaces  of  this  kind,  like  the  pseudosphere,  have 
singular  lines,  this  method  really  depicts  only  part  of  the  plane.  In 
fact  Ililhert  (Trnjuactwn/i  of  the-  American  MaOiematieal  Soeirty 
for  1900),  by  very  refined  considerations,  has  shown  that  an  analytic 
siirfftce  of  constant  negative  curvature  which  is  everywhere  regular 
docs  not  exist,  so  that  the  entire  I^obachevsky  plane  cannot  be 
depicted  by  any  analytic  surface.'  There  remains  undecided  the 
posRibility  of  a  complete  representation  by  means  of  a  non-analytic 
surface.   The  partial  differential  equation  of  the  surfaces  of  negative 

»  constant  curvature  is  of  the  hyperbolic  type  and  hence  docs  admit 
non-analytic  solutions.'  (This  ia  not  true  for  surfaces  of  positive 
curvature,  ance  the  equation  is  then  of  elliptic  type.)  The  discnasion 
of  non-«Dalytic  cur%'cs  and  surfaces  will  perhaps  bo  one  of  the  really 
new  features  of  future  geometry,  but  it  is  not  yet  possible  to  indicate 
the  precise  direction  of  such  a  development.' 

Other  theories  belonging  essentially  to  geometry  im  Grotten 
are  the  questions  of  analysis  situs,  or  topolog}*,  to  which  reference  has 
been  made  on  several  occasions,  and  the  properties  of  the  very 

t general  convex  surfaces  introduced  by  Minkowski  in  connection 


Syvtems  of  Curves  —  Differential  Equations 


Although  projective  geometry  has  for  its  domain  the  investigation 
of  all  properties  unaltered  by  collineation,  attention  has  been  con- 
fined almost  exclusively  to  the  algebraic  eonligu ration,  so  that  pro- 
jective is  often  confused  with  algebraic  gcwmctry.  To  the  more 
general  projective  geometry  belong,  for  example,  the  ide.as  of  oscu- 
lating conic  of  an  arbitrary  curve  and  the  asymptotic  lines  of  an 
arbitrary  surface,  and  Mehmke'a  theorem  which  assorts  that  when 
two  surfaces  touch  each  other,  the  ratio  of  their  Gaussian  cur\'ature8 
at  the  point  of  contact  is  an  (absolute)  projective  invariant.  The 
field  for  investigation  in  this  direction  is  of  course  verj*  extensive, 
but  ire  may  mention  as  a  problem  of  speeial  importance  the  deriva- 

'  Thif!  entire  projnrtive  pUne,  on  the  other  hand,  can  be  eo  depicted  on  a  sui^ 
(«0e  deriaod  by  W.  Boy  {tnaugiiral  DiMertahon.  GatUngen,  1901). 

*  Acoordiogto  Bemst«in  {Math.  AnnaJtn,  vol.  lix,  19(M.  p.  72),  the  proof  given 
by  LOtkemeyer  {Inauffvmt  Disarrtatun,  GOttrnpia,  1002)  is  not  valid,  though 
the  conelittion  is  correct. 

'  Lebesgue  (CvmpUs  Rendut,  1900.  and  Th/ui.  19021  has  examined  the  theory 
of  aorfaees  ■ppUeable  on  a  plane  without  aaeumipg  ute  existcnoe  of  dmivativfls 
(or  tbeddlliliigftiiietionB,aiKltlierebyobtaii)saa«xanipl«of  a  non-ruled  devetop- 
■ble.  . 


580 


0E05IETRT 


tion  of  the  coiidilloru  for  the  projective  equivalence  of  surfacee  in 
terms  of  Iheir  fundamental  quadratic  forms. 

Coordinate  with  what  has  Just  been  stated,  that  general  configura- 
tions may  be  studied  from  the  projective  point  of  view,  is  the  fact 
that  algebraic  configurations  ma}'  bo  studied  in  relation  to  gonwal 
transformation  theory.  One  may  object  that,  with  reepect  to  the 
group  of  all  (analytic)  point  transformations,  the  algebraic  con- 
figurations do  not  form  a  body,*  that  is,  are  not  converted  into 
algebraic  configurations;  but  such  a  body  is  obtained  by  adjoining 
to  the  algebraic  all  those  transcendental  configurations  which  are 
equivalent  to  algebraic.  As  this  appears  to  have  been  overlooked, 
it  seems  desirable  to  give  a  few  concrete  instances,  of  interest  in 
showing  the  effect  of  looking  at  familiar  objects  from  a  new  and 
more  general  point  of  view. 

As  a  first  example,  consider  the  idea  of  a  linear  system  of  plane 
curves.  In  algebraic  geometry,  a  linea.r  system  is  understood  to  be 
one  represented  by  an  equation  of  the  form 

where  the  \'s  arc  parameters  and  the  F'e  arc  polynomials  in  x,y.  On 
Iheotiicr  hand,  in  general  (infinitesimal)  geometry,  a  sj-stem  is  defined 
to  be  linear  when  it  can  be  reduced  (by  the  introduction  of  new 
parameters)  to  the  same  form  where  the  F'a  are  arbitrary  ftinctions. 
The  first  definition  is  invariant  under  the  projective  group;  the  see- 
nnd,  under  the  group  of  all  point  transformations.  If  now  we  apply 
the  second  definition  to  algebraic  curves,  the  result  does  not  coincide 
wiih  that  given  by  the  firat  definition.  Thus,  every  onc-pammeter 
ayat<!m  is  linear  in  the  general  sense,  while  only  pencils  of  curves  are 
linear  in  the  projective  sense.  The  first  case  of  real  importance  is, 
however,  the  two-parameter  system,  since  here  each  point  of  view 
gives  restricted,  though  not  identical,  types.  An  example  in  point 
is  fumifibed  by  the  vertical  parabolas  tangent  to  a  fixed  line,  the 
equation  of  the  system  being  y^{ax+b)'.  From  the  al^bnuo  or 
projective  point  of  view,  this  is  a  quadratic  system  since  the  pmr 
meters  are  involved  to  the  second  degree;  but  the  system  is  UneW 
from  the  general  point  of  'view  ainoe  its  equation  may  be  written 

ax+b  — Vy=0.  This  suggests  the  problem :  Determine  the  systcmi 
of  algebraic  curves  which  are  linear  in  the  general  sense. 

As  a  second  example,  conader,  from  both  points  of  view,  the 
equivalence  of  pencils  of  straight  lines  in  the  plane.  By  means  of 
coUineations  any  two  pencils  may  be  converted  into  any  other  two; 

*  Tbe  movt  exteioive  gnmp  for  which  the  liflsbralo  Doafipnatiaas  farm  a  bodr 
eoamats  ot  all  alcebraio  tratiaomuttuiDa.  It  is  rather  nimOTabh  that  «vea  llw 
th«onr  Km  reosind  no  drvulopcncint. 

'  nalpbeo,  Laguenv,  Fonj^.  This  theory  hu  baen  aKteoded  to  limiMmmom 
cquatnaa  and  applied  naaurtrieaOT  by  E.  J.  WUcnrMki  (Tnnu.  Awur.  tit0L 
5Jc..  1901-19047  "-J         ^ 


PRESENT  PROBLEMS  OF  GEOMETRY 


581 


but  if  three  pencils  are  given,  it  is  necessary  to  distiaguish  the  case 
where  the  three  base  poiDts  are  in  a  straight  line  from  the  case  where 
they  are  not  so  situated.  We  thus  have  two  projectively  distinct 
caset},  which  may  be  represented  caaonically  by:  (1)  x«ooiut., 
V=coDst.,  x+y=conBt.,  and  (2)  z^const.,  y=const.,  y/z=con3t. 
The  first  type  may,  however,  be  converted  into  the  second  by  the 
transcendental  transformation  x^=^,y^=^,ao  that,  in  the  general 
gToupof  point  transformations,  all  sets  of  three  pencils  are  equivalent. 
The  discussion  for  four  or  more  pencils  yields  the  rather  surprising 
resuU  that  the  projective  classification  remains  valid  for  the  larger 
group. 

Dropping  these  speoial  considerations  on  algebraic  systems,  let  us 
pftw  to  the  theory  of  arbitrary  systems  of  curves,  or,  what  is  equiva- 
leDt,  the  geometry  of  differential  equations.  While  belonging  to  the 
cycle  of  theories  due  primarily  to  Sopbus  Lie,  it  has  recdved  little 
development  in  the  purely  geometric  direction.  Most  attention  has 
been  devoted  to  special  classes  of  differential  equations  with  respect 
to  special  groups  of  transformations.  Thus  there  is  an  extensive 
theory  of  the  homogeneous  linear  equations  with  respect  to  the 
group  r, —fCx),  y,>='>f^(x)  which  leaves  the  entire  clasa  invariant.' 
A  special  theory  which  doserves  development  is  that  of  equations  of 
the  first  order  with  respect  to  the  infinite  group  of  conformal  trans- 
formations. 

As  regards  the  general  group  of  all  point  transformations,  all 
equations  of  the  first  order  are  equivalent,  so  that  the  first  case  of 
interest  is  the  theory  of  the  two-parameter  systems.  The  invariants 
of  the  differential  equation  of  second  order  have  been  discussed 
most  completely  in  the  priae  essay  of  A.  Tresse  (submitted  to  the 
Jablonowski  Gesellschaft  in  1896),  with  application  to  the  equiva- 
lence problem.  A  specially  important  class,  treated  earlier  by  Lie 
and  R.  Liouville,  consists  of  the  equations  of  cubic  type 

l/'=Ay"+By''+Cy'  +  D, 
where  the  coefficients  are  functions  of  z,  y.  It  includes,  in  particular, 
the  general  linear  system  and  all  systems  capable  of  representing 
the  geodesies  of  any  surface.  While  the  analytical  conditions  which 
characterize  these  8ubclas.^es  are  known,  little  advance  has  been 
made  in  their  geometric  interpretation. 

Perhaps  the  simplest  configuration  belonging  to  the  field  considered, 
that  is,  having  properties  invariant  under  all  point  transformations, 
is  that  composed  of  three  simply  infinite  systems  of  curves,  which 
may  be  represented  analytically  by  an  equation  of  third  degree  in 
y'  with  one-valued  functions  of  z,  y  for  coefficients.  In  the  case  of 
equations  of  the  fourth  and  higher  degree  in  y',  certain  invariants 

<  Th«dammtary  (motnc)  tlitwry  of  curve  RvatMiM  has  been  too  much  D^oet^d; 
it  msy  be  eoinpu«d  in  iatoKSt  and  extent  with  the  usual  thegry  of  Burfoow. 
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may  be  found  immediately  from  the  fact  that  when  z  and  y  uDdei:go 
an  arbitrar}'  transformation,  the  derivative  j/  undergoes  a  fractional 
linear  transformation  (of  special  type).  The  invariants  found  from 
this  algebraic  principle  are,  however,  in  a  sense,  tri\ial,  and  the  real 
problem  remains  almost  untouched:  to  determine  the  essential 
invariants  due  to  the  differential  relations  connecting  the  ooefficienta 
in  the  linear  tranaformatioa  of  the  derivative. 

General  Theory  of  TTanslormaHona 

Closely  connected  with  the  geometry  of  differential  equations 
that  we  have  been  considering  is  the  geometry  of  point  transform- 
ations. In  the  former  theory  the  transformatioas  enter  only  as 
instruments,  in  the  latter  these  instruments  are  made  the  subjeat- 
matter  of  the  investigation.  The  distinction  is  parallel  to  that  which 
occurs  in  projective  geometry  between  the  theory  of  projective 
properties  of  curves  and  surfaces  and  the  propertJes  of  colUnealions. 
(It  may  be  remarked,  however,  that  although  a  transformation  is 
generally  regarded  as  dynamic  and  a  coofiguratiun  as  static,  the 
distinction  is  not  at  all  essential.  Thus  a  point  tnuisfoniiation  or 
^rrespuudencc  between  the  poiate  of  a  plane  may  be  viewed  as 
simply  a  double  infinity  of  point  pairs;  on  the  other  hand,  a  curve 
in  the  piano  may  be  regarded  as  the  equivalent  of  a  corre^wndenec 
betwetm  the  points  of  two  straight  lines.*} 

We  consider  first  two  problems  concerning  the  general  (analytic) 
point  transformation  which  arc  of  interest  and  importance  from  tha 
theoretic  standpoint.  The  one  relates  to  the  discussion  of  the  char* 
acter  of  such  a  transformation  in  the  neighborhood  of  a  given  point. 
Transon's  theorem  states  that  the  effect  of  any  analytic  transform- 
atiun  upon  an  infinitesimal  region  is  the  same  as  that  of  a  pro* 
jective  transformation.  TTiis  is  true,  however,  only  in  general;  it 
ceases  to  hold  when  the  derivatives  of  the  defining  functions  vanish 
at  the  point  considered.  What  is  the  character  of  the  tranaforniation 
in  the  ndghborhood  of  such  singular  points  T 

A  more  fundamental  problem  relates  to  the  theory  of  equiva- 
lence. Consider  a  transformation  T  which  puts  in  correepotulenee 
the  points  P  and  Q  of  a  plane.  Let  the  entire  plane  be  subjected  to 
a  transformation  S  which  converts  P  into  P*  and  Q  into  Q'.  We  thus 
obtain  a  new  transformation  7"  in  which  P"  and  (^  are  corresponding 
points.  This  is  termed  the  transformof  Thy  means  of  5,  the  relaUoo 
being  expreased  symbolically  by  T'^S'*TS.  The  question  then  ariasi 
whether  all  transformations  are  equivalent,  that  is,  can  any  one  be 
oonvexted  into  any  other  in  the  manner  defined.  The  answer  dfr 
pends  on  certain  functional  equations  which  also  arise  in  conneetiCHi 

'  Offomrtry  on  a  itmlght  Boa,  in  Its  antiraty,  U  aa  ricb  u  geauairjr  in  a  plan* 
or  la  fpMc  of  any  Dumber  cl  dinunuBODi. 
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with  the  question  whether  an  orbitrar}'  transformation  belonga  to 
B  continuous  ^oup.  The  problem  dcsiirves  treatment  not  merely  for 
the  analytic  transformations,  but  also  for  the  algebraic  and  for 
the  continuous  transformations.' 

Aside  from  such  fundamental  questions,  further  development 
is  desirable  both  in  the  study  of  the  general  properties  (aasociatcd 
curve  systems  and  contact  relations)  of  an  arbitrary  transforma- 
tion, and  in  tiie  introduction  of  new  special  typcaof  transformation, 
for  instance,  those  which  may  be  regarded  as  natural  extensions  of 
familiar  t>'pes. 

The  main  problems  in  the  theory  of  point  transformation  are 
comiected  with  certain  fields  of  application  which  we  now  pass  in 
review. 

i.  Cartography.  A  map  may  be  rt^rded,  abstractly,  as  the  point 
by  point  representation  of  one  surface  upon  another,  the  case  of 
especial  practical  importance  being,  of  course,  the  representation  of 
a  spherical  or  spheroidal  surface  u[>on  the  plane.  As  it  is  impossible 
to  map  any  but  the  developable  surfaces  without  distortion  upon  a 
plane,  the  chief  types  of  available  representation  are  characterized 
by  the  invarianoe  of  certain  elements,  as  angles  or  areas,  or  the 
simple  depiction  of  certain  curves,  as  of  geodesies  by  straight  lines. 
Host  attention  has  been  devoted  to  Che  conformal  type,  but  the 
question  proposed  by  Gauas  remains  unsolved:  what  is  the  best 
conformal  representation  of  a  given  surface  on  the  plane,  that  is, 
the  one  accompanieU  by  the  minimum  distortion?  The  anawer,  of 
coune,  depends  on  the  criterion  adopted  for  measuring  the  degree 
of  distortion,  and  it  is  in  this  direction  that  progress  is  to  be 
expected. 

2.  Mathematical  theory  of  elattieUy.  As  a  geometric  foundation 
for  the  mechanics  of  continua,  it  is  necessary  to  study  the  most 
general  defummtion  of  space,  defined  say  by  putting  xi,  yi,  Zi  equal 
to  arbitrary  functions  of  x,  y,  ».  The  most  elegant  analytical  repre- 
sentation, as  given  for  instance  in  the  memoir  of  E.  and  F.  Cosserat 
(AnnaUs  de  Toulouse,  volume  lU),  is  obtained  by  introducing  the 
elements  of  length  ds  and  ds,  before  and  after  deformation,  and  the 
related  quadratic  differential  form  dsf— (i**=2e,<tc*+2€,dy'+2c,di' 
+'2y^djflJz+2yjdxdx+2y^dxdy.  The  theory  is  thus  seen  to  be  ana- 
logous to  though  of  course  more  complicated  than  the  usual  theory  of 
surfaces,  llie  six  functions  of  x,  y,  t  which  appear  m  coefficients 
Id  this  form  are  termed  the  components  of  the  deformation.   Their 

'  This  problem  \m  nol  to  be  oonfusrtd  -mth  the  Bimilw  (hut  simpl«)  niVAlioD 
oonoecteu  wiUi  Lic'it  diriajon  of  (]UMilyt.i<')  Kf<">|''  into  deinokratiaeh  ami  arialo- 
kniiteh.  Id  thudu  of  Hm  first  kiiid  ull  tlie  umniteaimal  traiuforauUtons  an 
pquiTBlmt.  in  tboA^  of  tlic  BMond  there  exist  naii-«qiihraknt  infmitMimal  trans- 
fomuUkxM.  Lift  sltowv  ttittl  »II  linils  groupa  an  arutokratuth,  while  the  f|^Up« 
of  all  (analjrtic)  point  and  contact  transromiatjoiu  are  dem^roHteh.  Cf.  l^tp- 
tifer  Btridae,  toI.  xlvii  (1895),  p.  271. 


GEOMETRY 

importAncc  is  dup  to  the  fact  that  they  vanish  only  when  the  tnns- 
formation  is  a  rigid  displacement,  so  that  two  deformations  have 
the  same  components  when,  and  only  when,  they  differ  by  a  dis- 
placement. The  case  where  the  components  are  constants  leads  to 
the  homogeneous  deformation  (or  affine  transformation  of  the  geo- 
meters), the  type  considered  almost  exclusively  in  the  usual  dia- 
cuRsions  of  elasticity.  It  would  accro  desirable  to  study  in  detail 
the  next  case  which  prcscnta  itself,  namely,  that  in  which  the  oom- 
poncnta  arc  linear  functions  of  x,  y,  i. 

In  the  general  deformation,  the  six  components  are  not  inde- 
pendent, but  arc  connected  by  nine  differential  equations  analogous 
to  thoee  of  Codazzi.  The  fact  that  a  transformation  a  defined  by 
three  independent  functions  indicates,  however,  that  there  should  be 
only  three  distinct  relatioos  between  the  components.  This  means 
that  the  nine  equations  of  condition  which  oreur  in  the  standard 
theory  arc  themselves  interdependent;  but  their  relations  (analogous 
to  syzygies  among  syzygies  in  the  algebra  of  forms)  do  not  appear 
to  have  been  worked  out. 

3.  Vector  fields.  From  \\b  beginning  in  the  Faradoy-ifaxwcll 
theory  of  electricity  until  the  present  day,  the  course  which  the 
discusmon  of  vector  fields  haa  followed  has  been  guided  almost 
entirely  by  external  cotL'^iderations.  namely,  the  physical  applicatJons. 
While  this  is  advantageous  in  many  respects,  it  cannot  be  denied 
that  it  has  led  to  lack  of  aymmetrj-  and  generality.  The  time  seems 
to  be  ripe  for  a  more  systematic  mathematical  development.  The 
vector  field  deseni'cs  to  be  introduced  as  a  standard  form  into 
metry. 

Abstractly,  such  a  field  is  etgiiivalent  to  a  point  transfonnatioo  ol 
space,  since  each  is  representeil  by  throe  scalar  relations  in  six  variablea. 
Instead  of  taking  these  variablee  as  the  oodrdinatcs  of  corresponding 
points,  it  is  more  convenient  Ui  consider  three  as  the  ooontinaim 
X.  J/,  E  of  a  particle  and  the  other  throe  aa  oomponenta  u,  v,  u  of  its 
velocity;  we  thus  picture  the  set  of  functional  relatious  by  means 
of  the  steady  motion  of  a  hypothetical  space-filling  fluid.  This  image 
should  be  of  service  even  in  abstract  anaiyBis;  for  its  rdic  is  analogous 
to  that  of  the  curve  in  dealing  with  a  single  relation  between  two 
varinbles.  The  streaming  of  a  material  fluid  is,  of  course,  not  suffi- 
ciently general  for  such  a  purimse.  since,  in  virtue  of  the  equation  of 
conthtuily,  it  images  only  a  particular  cbias  of  vector  fields. 

In  addition  to  the  ordinary  vector  fields,  physics  makes  use  itf 
so-eslied  hypervector  fields,  which,  geometrically,  lead  to  configur- 
ations consisting  of  a  triply  infinite  system  of  quadrie  surfaces,  one 
for  each  point  of  space.  In  the  special  case  of  Intemtt  in  hydro- 
dynaiiiirfl  (irrotstional  motion),  the  configuration  simplifies  in  Ihat 
the  quadries  are  olUpeoids  about  the  corresponding  points  as  centres. 


This  is  equivalent  to  the  tensor  field  which  arises  in  studying  the 
moiQcnta  of  inertia  of  an  arbitrary  distribution  of  mass.  The  more 
general  case  actually  arises  in  Maxwell's  theory  of  magnetism. 

4.  As  a  final  domain  of  application  wc  mention  the  class  of  ques- 
tions which  have  received  systematic  treatment,  under  the  title  of 
nontography,  only  during  the  post  few  years.  This  subject  deals  with 
the  methods  of  representing  graphically,  in  a  plane,  functional 
relations  containing  any  number  of  variables.  Thus  a  function  of 
two  independent  vaiiablcs,  2=JXx,  y),  may  be  represented  by  the 
system  of  plane  curves /[z,  y)  —c,  each  marked  with  tho  correspond- 
ing value  of  the  parameter.  This  "  paramctercd "  system  Is  then 
a  cartesiaa  graphical  table,  which  is  the  simplest  type  of  abacus  or 
nomogram. 

By  means  of  any  point  transformation,  one  nomogram  is  con- 
verted into  anotliar  which  may  serve  to  represent  the  same  functional 
relaUoa.  The  importance  of  this  process  of  conversion  (the  so-called 
anamorpliosis  of  I^alanne  and  Massau)  depends  on  the  fact  that  it 
may  replace  a  complicated  table  by  a  simpler.  The  problems  which 
arise  (for  example,  tho  determination  of  all  relations  between  three 
variables  which  can  be  represented  by  a  nomogram  composed  of 
three  systems  of  straight  lines')  are  of  both  practical  and  theoretical 
interest.  The  literature  is  scattered  through  the  French,  Italian, 
and  German  technological  journals,  but  a  systematic  presentation 
of  tho  main  rejjultA  is  to  be  found  in  the  TrailS  de  Nomographie 
of  d'Ocagnc  (Paris,  1809). 


We  return  to  the  abetraet  theor>*  of  transformations.  The  type 
of  transformation  wc  have  been  considering,  converting  point  into 
point,  is  only  a  special  case  of  more  general  types.  The  moat  im- 
portant extension  hitherto  made  depends  upon  the  Introduction  of 
differential  clcmenta.  Thus  the  lineal  element  or  directed  point 
(x,  y,  y')  leadg  to  transformations  which  in  general  convert  a  point 
into  a  system  of  elements;  whe-n  the  latter  form  a  curve,  every  curve 
is  converted  into  a  curve  and  the  result  is  termed  a  contact  trans- 
formation. Backlund  has  shown  that  no  exteouon  results  from  the 
elements  of  second  or  higher  order:  osculatioa  transformations  are 
oeeeasarily  contact  transformations.  The  discussion  of  elements  of 
infinitely  high  order,  defined  by  an  infinite  set  of  coSrdinates  (x,  y, 
lft  y"»  •  ■  ■ )  I  "i^y  porhapa  lead  to  a  real  extension.  The  question  may 
be  put  in  this  form:  Are  there  transformations  (in  mldition  to  or- 
dinary contact  transformations)  which  convert  analytic  curves  into 
analytic  curves  in  such  a  way  that  contact  is  an  invariant  relation? 
The  idea  of  curve  tranaformation  in  general  will  probably  be  worked 

'  Thi>  nnan  nf  chrr«  WfUma  of  tfiMfa  hM  a]w>  been  diseiuaed,   See  d'Ocagn«, 
Xjoumal  tit  FEcoU  PoigUichnique.  1902. 
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out  in  the  near  future:  what  is  the  most  general  mode  of  setting  up 
a  correspondence  which  associates  with  every  Jordan  curve  another 
Jordan  curve?  Such  discussions  are  aspects  of  geometry  with  an 
infinite  number  of  dimensions. 

After  a  review  of  the  kind  given  in  this  paper,  one  is  tempted  to 
ask:  What  is  it  which  influences  the  mathematician  in  selecting 
certain  (out  of  an  infinite  number  of  equally  conceivable)  problems 
for  investigations?  It  is  true,  of  course,  that  his  subject  is  ideal, 
8elf-«reated,  and  that  "Das  Wesen  der  Mathematik  liegt  in  ihrer 
Freiheit."  Geoi^  Cantor  would  indeed  replace  the  term  pure  mathe- 
matics by  free  mathematics.  This  freedom,  however,  is  not  entirely 
caprice.  The  investigators  of  each  age  have  always  felt  it  their 
duty  to  deal  with  the  xmsolved  questions  and  to  generalize  the  re- 
sults and  conceptions  inherited  from  the  past,  to  correlate  with 
other  fields  of  contemporaneous  thought,  to  keep  in  contact,  as  far 
as  possible,  with  the  whole  body  of  truth.  This  is  not  all,  however. 
The  influence  of  sesthetic  considerations,  though  less  subject  to 
analysis,  has  been,  and  still  is,  of  at  least  equal  importance  in  guiding 
the  course  of  mathematical  development. 


SHORT  PAPERS 

The  Secttoa  of  Qeometr;  was  very  fully  attended  and  productive  of  extended 
disouaBion  and  a  number  of  supplementary  p^Mn.  For  the  same  reason  as  in  the 
Section  of  Algebra  and  Analysis  it  is  impossible  to  give  a  satisfactory  r£sum6  of 
the  short  papers  on  this  subject  owing  to  their  dose  techiucal  reasoning. 

The  first  p^>er  was  presented  by  Frofeasor  Harris  Hancock,  of  the  University 
of  Cinciunati,  on  "Algebraic  Minimal  Burfacee." 

The  seocmd  paper  was  presented  by  Professor  H.  T.  BUcbf eldt,  of  Leland  Stan- 
ford Jr.  Univeruty,  cm  the  subject  "  Concerning  some  Geometrical  Properties 
of  Surfaces  of  Revolution." 

The  third  paper  was  presented  by  Frofeasor  George  Bnioe  Haleted,  of  Eenyon 
College,  on  "  Non-Euclide«n  Spherics." 

The  fourth  paper  was  presented  by  Professor  Arnold  Emch,  of  the  Univeisity 
of  Colorado,  on  "The  Configuration  of  the  Points  of  Inflection  of  a  Plane 
Cubic  and  their  Harmonic  Folars." 

The  fifth  paper  was  [»eaented  by  Professor  H.  P.  Manning,  of  Brown  Univernty, 
on  "Representation  <^  Complex  Variables  in  Space  of  Four  Dimenaons." 

The  sixth  ip»pa  was  read  by  Professor  G.  A.  Bliss,  of  the  Univernty  of  Missouri, 
on  "Concerning  Calcidus  of  Varimtions." 

The  seventh  paper  was  presented  by  IVofeasor  L.  W.  Dowling,  of  tiie  Univernty 
of  Wisconnn,  on  "Certain  ITniversal  Curves." 
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Br    LUSWIG    BOLTZUAKN 

(Tmntlotfd  from  the  German  by  Profetwr  S.  EptUen,  UmTertU^  of  Chicago) 

[Lodwig  Boltzmann,  Prnfiwsor  of  PhTsirjt,  TTnivprsity  of  Vienna,  since  1902. 
b.  ViomiB,  Austria,  IS-IO.  Studied,  Viaiiiia,  Uvidcltxirg,  and  Bvrliu.  Profeeaor 
of  Phydoo-MathcmaticR.  University  of  Grati.  1869-73;  Profcaaor  of  Mathe- 
matics, UnivpTsity  of  Virnna,  1873-76;  ProfcH*or  ftf  ExpfritrienUl  Phvwc«, 
Vnivenitv  of  Urats,  187d-fK);  Profcmor  of  Thvorvtical  PLysicii,  University 
of  Munich.  1891-96;  ibid.  University  of  Vienna,  1895-1900;  Profcesor  of 
Fhyeics,  University  of  lAnpxig,  1900-02.  Antbor  of  Vortetuiwtn  aiter  Max- 
wwa  Thtor%4  der  BMl  riritat  und  d«a  LiekU;  Vorlentnant  doer  Kinttitehe 
6a*tSeoru;  VerU»unffen  dber  die  Printipe  der  MKKanik.] 

Mt  present  lecture  has  been  put  under  the  heading  of  applied 
mathematics,  while  my  activity  as  a  teacher  and  investigator  be- 
longs to  the  science  of  physics.  The  immense  gap  which  divides 
the  latter  science  into  two  distinct  camps  has  almost  oowhere  been 
80  sharply  emphasized  as  in  the  division  of  the  lecture  material 
of  this  scientific  congress,  which  covers  such  an  enormous  range  of 
subjects  that  one  may  designat«  it  as  a  flood,  or,  to  preserve  local 
coloring,  as  a  Niagara  of  scientific  lectures.  I  speak  of  the  divimon 
of  physics  into  theoretical  and  experimental.  Although  I  have 
been  assigned,  as  representative  of  theoretical  physics,  to  "A. — 
Normative  Science,"  experimental  phywca  appears  much  later  under 
"  0. — Physical  Science."  Between  them  lie  history,  science  of  lan- 
guage, literature,  art,  and  science  of  religion.  Over  all  this,  however, 
the  theoretical  physicist  must  extend  his  hand  to  the  experimental 
physicist.  We  shall  therefore  not  be  able  to  avoid  entirely  the  ques- 
tion of  the  justification  of  dividing  physics  into  two  parts  and,  in 
particular,  into  theoretical  and  experimental. 

I^t  us  lUten  first  of  all  to  an  investigator  of  a  time  when  natural 
science  had  not  j'et  grown  beyond  its  first  beginningB,  to  Emmanuel 
Kant.    Kant  requires  of  each  science  that  it  should  be  developed 
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logically  from  unified  principles  aod  firmly  established  theories. 
Natural  science  seema  to  him  a  primary  scieoce  only  in  so  far  aa 
)l  rsBtfi  on  a  mathematical  basis.  'Hius,  he  doee  not  reckon  the  chem* 
istry  of  his  day  among  the  sciences,  because  it  rests  merely  upon 
an  empirical  basis  and  lacks  a  unified,  regulative  principle. 

From  this  point  of  view  theoretical  physics  is  preferred  to  ex- 
I>erimental  phj-sics,  and  occupies,  in  a  sense,  a  higher  rank.  Experi- 
mental physics  was  merely  to  gather  the  material,  but  it  remained 
for  the  theoretical  physics  to  form  the  structure. 

But  the  succession  in  the  order  of  rank  becomes  reversed  when 
we  take  into  account  the  acquisitions  of  the  last  decades  as  well  as 
the  progress  which  is  to  be  expected  in  the  immediate  future.  The 
chain  of  expcrimeatal  discoveries  of  the  last  century  received  a 
fitting  completion  with  the  discovery  of  the  Rontgen  rays.  Con- 
nected with  these  there  appear  in  the  present  ccntur>-  a  multitude 
of  new  rays,  with  the  moat  enigmatical  properties,  which  have  the 
profoundest  effects  upon  our  conceptions  of  nature.  The  more 
enigmatical  these  newly  discovered  facta  arc,  and  the  more  they 
seem  at  first  to  contradict  our  present  conceptions,  tlie  greater  the 
successes  which  they  promise  for  the  future.  But  this  is  not  the  occa- 
sion for  the  discussion  of  these  experimental  triumphs.  I  must  leave 
to  the  representatives  of  experimental  physics  at  this  Congress  the 
prolific  problem  of  portraying  all  of  the  fruits  which  have  hitherto 
been  gathered  in  this  domain,  one  might  almost  say,  dally,  and 
those  which  are  to  be  expected. 

The  representative  of  theoretical  physics  scarcely  finds  himself  in 
an  equally  fortunate  position.  Great  aoti\'ity  does  indcfni  prevail 
in  this  domain.  One  could  almost  say  that  it  is  in  prooeas  of  revolu- 
tion. Only  how  much  less  tangible  are  the  results  hero  attained  in 
comparison  with  those  in  experimental  physical  It  appears  here 
that  in  a  certain  sense  experimentation  deserves  preoedenco  over 
all  theory.  An  immediate  fact  is  at  once  eomprchensible.  Its  fruits 
may  become  evident  in  the  short^t  time,  such  as  the  various  ^pU- 
oationa  of  the  Rontgen  rays  and  the  utilization  of  the  Herts  waves 
in  wireless  telegraphy,  llie  battle  which  the  theories  have  to  fi^t 
is,  howe\'er,  an  infinitely  wearisome  one;  indeed,  tt  aeemaafl  If  eer- 
t«in  disputed  qutstiona  which  existed  from  the  beginning  will  live 
as  long  BB  the  science. 

Every  firmly  established  fact  remains  forever  uncfaangnable;  al 
roost,  it  may  be  generalized,  completed,  additions  may  be  made, 
but  it  cannot  be  completely  upset.  Thus  it  is  explained  why  the 
development  of  experimental  physics  is  continuously  progrBsmve, 
ne>'er  making  a  sudden  jump,  and  never  visited  by  great  ImnbUngs 
and  revolutions.  It  occurs  only  in  rare  instances  that  nmiething 
which  was  regarded  aa  a  fact  turns  out  aftern-ards  Co  have  been  an 
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error,  and  in  bucIi  caseK  the  pxplanatioiis  of  the  errora  fullow  aoon, 
aod  they  are  not  of  great  influence  on  the  structure  of  the  science  as 
a  whole. 

It  is,  indeed,  strongly  emphasized  that  every  eslablished  and 
logically  recognised  tnith  miut  remain  incontrovertible.  Althotigh 
this  cannot  be  doubted,  experience  teaches  that  the  alruclure  uf  our 
theories  is  by  no  means  comporied  entirely  of  such  incontrovertibly 
established  truths.  They  are  composed  rather  of  many  arbitrary 
pictures  of  the  connections  between  {^eiiouieua,  of  ao-called  hypo- 
theses. 

Without  some  departure,  however  slight,  from  direct  olwervatJon, 
a  theory  or  even  an  intelligibly  coouoctiHl  practical  description  for 
predicting  the  facts  of  nature  cannot  exist.  This  is  equally  true  of 
the  old  theories  whose  foundations  have  become  questionable,  and 
of  the  most  modem  ones,  which  arc  resigning  themselves  to  a  great 
illusion  if  they  regard  themselves  as  free  from  hj'potheses. 

The  hypotheses  may  perhaps  be  indefinite,  or  may  bo  in  the  shape 
Inf  mathematical  formulae,  or  the  thought  may  be  equivalent  to  the 
latter,  but  expressed  in  words.  In  the  latter  cases  the  agreement 
with  given  data  may  be  checked  step  by  step;  a  complete  revolu- 
tion of  that  previously  constructed  is  Indeed  not  absolutely  impos- 
sible, as,  for  example,  if  the  law  of  the  conscr\'ation  of  enci^*  should 
turn  out  to  be  incorrect.  But  such  a  revolution  will  be  exceedingly 
rare  and  highly  improbable. 

Such  an  inde6nitc,  slightly  specialized  theory  might  sen'c  as  a 
guiding  thread  for  experiments  whose  purpose  is  a  detailed  develop- 
ment of  knowledge  previously  acquired  and  which  is  proceeding  in 
barren  channels ;  beyond  this  its  usefulness  does  not  reach. 

In  contradistinction  to  these  are  the  hypotheses  which  give  the 
imagination  room  for  play  and  by  boldly  going  beyond  the  material 
at  hand  afford  continual  inspiration  fur  new  experiments,  and  are 
thus  pathfinders  for  the  most  unexpected  discoveries.  Such  a  theory 
will  indeed  be  subject  to  change,  a  very  complicated  mass  of  infonn- 
ation  will  be  brought  together  and  will  then  be  replaced  by  a  new 
and  more  comprehensive  iheorj*  in  which  the  old  one  will  be  the  pic- 
ture of  a  limit«d  type  of  phenomena.  Rxamples  of  this  are  the  theory 
of  emission  in  regard  to  the  description  of  the  phenomena  of  catoptrics 
and  dioptrics,  the  hypothesis  of  an  elastic  ether  in  the  representation 
of  the  phenomena  of  interference  and  refraction  of  light,  and  the 
)n  of  the  electric  fluid  in  the  description  of  the  phenomena  of 

itrostatics. 

Moreover  the  theories  M-hich  proudly  designate  themselves  as  free 
from  hypotheses  are  not  exempt  from  great  revolutions;  thus,  no  one 
will  doubt  tbat  the  so-called  theory  of  energy  will  have  completely 
to  alter  its  form  if  it  desires  to  remain  effective. 
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The  acctisation  has  been  made  that  physical  hypotheses  ha,Te 
iHruietimes  proved  injiiriuus  aud  have  delayed  the  progress  of  the 
science,  lliis  accusation  is  ba«ed  chiefly  upon  the  r61e  which  the 
hypt>the8i8  of  the  electric  fluid  ha«  played  in  the  development  of  the 
theory  of  electricity.  This  hypothesiu  was  brought  to  a  high  tstage 
of  perfeclion  by  Wilhelm  Weber,  and  the  general  recognition  which 
his  works  found  in  Germany  did  indeed  stand  in  the  road  of  the 
theory  of  Maxwell.  In  a  similar  manner  Kenton's  emanation  iheor}- 
stood  in  the  way  of  the  theory  of  undulations.  But  such  incon- 
veniences can  scarcely  be  entirely  avoided  in  the  future.  It  will  al- 
ways be  the  tendency  to  complete  as  far  as  possible  the  prevailing 
view,  and  to  make  it  self-sufficient  whenever  such  a  theor>'  is  self- 
consistent  and  does  not  in  any  way  lead  to  n  contradiction,  whether 
it  consist  of  mechanical  models,  of  geometrical  pieturea,  or  of  mathe- 
matical formtilas.  It  will  always' be  possible  that  a  new  theory  will 
arise  which  has  not  yet  been  tested  by  experiment  and  which  will 
represent  a  much  larger  field  of  phcnomejia.  In  such  cases  the  older 
theory  will  count  the  largest  following  until  this  field  of  phenomena 
is  brought  into  the  range  of  experiment,  and  decisive  tests  demon- 
strate the  superiority  of  the  newer  one.  It  is  certainly  useful,  if  the 
theory  of  Weber  be  always  held  up  as  a  warning  example,  that  one 
phnuld  bear  in  mind  the  essential  progreAslveness  of  the  int<mcet. 
The  services  of  Weber  arc  not  decreased  by  this,  however;  Maxwell 
himself  speaks  of  his  theory  with  the  greatest  wonder.  Indeed,  thu 
instance  cannot  be  taken  into  consideration  against  the  usefulness  of 
hypotheses,  since  Maxwell's  theory  contained  as  much  of  the  hypo- 
thetical as  any  other.  .A.nd  this  was  eliminated  only  after  it  became 
generally  knowTi  through  ITerti:.  Poyniing,  and  othcra. 

The  accusation  has  also  been  raised  against  hypothcMS  in  ph3WM 
that  the  creation  and  development  of  mathematical  methods  fur 
the  computation  of  the  hypoth^ical  molecular  motiona  haa  been 
useless  and  even  harmful.  This  accusation  I  cannot  rreognlEC  w 
substantiated.  Were  it  so,  the  theme  aolected  for  my  present  Icoturr 
would  bo  an  unfortunate  one;  and  ibis  fact  may  excuse  me  for 
having  lingered  on  this  much-discussed  subject  and  for  having  sought 
to  justify  the  use  of  hypotheses  in  physios. 

1  have  not  chosen  for  the  thesis  of  my  prcaent  lecture  the  entire 
development  of  physical  ihcorT,-.  Several  years  ago  I  treated  this 
subject  at  the  German  Naturforsehfrvergammlung  in  Munich,  and 
although  some  new  developments  have  taken  place  since  then.  I 
should  have  to  repeat  myself  a  great  deal.  Moreover,  one  who  ha* 
committed  himself  to  one  faction  is  not  in  a  pnaltlon  to  judge  the 
other  factions  in  a  completely  objective  manner.  1  do  not  refer  to  a 
criticism  of  ita  value;  my  lecture  shall  not  criticise,  but  ahall  judge. 
I  am  also  convinced  of  the  value  of  the  views  of  my  oppononta  aixl 
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only  arise  to  repel  them  when  they  attempt  to  belittle  mine.  But 
one  can  scarcely  ^vc  as  complete  an  account  according  to  aubject- 
matter.  and  an  ejqwsiuon  of  the  inter-relations  of  all  ideas  in  the 
views  of  another,  as  in  his  own. 

I  shall  therefore  select  as  the  goal  of  my  lecture  to-day  not  merely 
the  kinetic  theory  of  molecules,  but,  moreover,  a  highly  specialized 
branch  of  it.  For  from  denying  that  it  contains  hypotheses,  I  must 
rather  characterize  it  as  a  bold  advance  beyond  the  facts  of  observa- 
tion. And  I  ncverthclcaa  do  not  consider  it  unworthy  of  this  occa- 
sion; this  much  faith  do  I  have  in  hypothcies  which  pn^enc  rert-ain 
peculiarities  of  observation  in  a  new  tight  or  which  bring  forth  rela- 
tions among  them  which  cannot  be  reached  by  other  methods.  We 
must  indeed  be  mindful  of  the  fact  that  hypotheses  require  and  are 
capable  of  continuous  development,  and  are  only  then  to  be  aban- 
doned when  all  the  relations  which  they  represent  can  be  bettor 
understood  in  some  other  manner. 

To  the  above-nientioned  problems,  which  are  as  old  as  the  science 
and  still  unsolved,  belongs  the  one  if  matter  is  continuous,  or  if  it 
is  to  be  considered  as  made  up  of  discrete  parts,  nf  very  many,  but 
not  in  the  mathomaiical  sense  infinite,  individuals.  This  is  one  of 
the  difficult  questions  which  form  the  boundary  of  philosophy  and 
physics. 

Even  some  decades  ago.  scientists  felt  very  shy  of  going  deeply 
into  the  discussion  of  such  questions.  The  one  before  \is  is  too  tvnl 
to  be  entirely  avoided;  but  one  cannot  discuss  it  without  touching  on 
some  profounder still,  such  asupon  the  nature  of  the  law  of  causation, 
of  matter,  of  force,  and  so  forth.  The  Inrt-er  arc  the  ones  of  which  it 
was  said  that  they  did  not  trouble  the  scientist,  that  they  belonged 
entirely  to  philosophy.  To-day  the  situation  is  different,  there  is 
e\'tdent  a  tendency  among  scientists  to  consider philosopliicquestions, 
and  properly  so.  One  of  the  first  rules  of  scienw  is  never  to  trust 
blindJy  to  the  instrument  with  which  one  works,  but  to  test  it  in 
all  directions.  How,  then,  are  we  to  trust  blindly  to  inherited  and 
historically  developed  conceptions,  partiriilaHy  when  there  are 
instances  known  where  they  led  us  into  error?  But  in  the  examina- 
tion of  even  the  simplest  elements,  where  is  the  boundary  between 
science  and  philosophy  at  which  we  ahoiild  pau.-^e? 

I  hope  that  none  of  the  philosophers  present  will  take  offense  or 
perceive  an  accusation,  if  I  say  boldly  that  by  assigning  this  question 
to  philosophy  the  resulting  Bueceas  has  been  rather  meagre.  Philo- 
sophy has  done  noticeably  little  toward  the  explanation  of  these 
questions,  and  from  her  own  one-sided  point  of  view  she  can  do  so  just 
as  little  as  natural  science  can  from  hers.  If  real  progress  is  possible, 
It  is  only  to  be  expected  by  eo<Speration  of  Imih  of  these  sciences. 
May  I  therefore  be  pardoned  if  I  touch  slightly  upon  these  questions 
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Although  not  a  specialist;  their  connectiun  with  the  aim  of  my  lee* 
ture  16  very  intimate. 

Let  us  coiutult  the  famous  thinker  already  quoted,  Enunauuel 
Kant,  on  Lhe  queiition  if  matter  is  continuous,  or  if  it  is  composed 
of  atoms.  He  treats  of  this  in  his  Aniivwnusa.  Of  all  the  questions 
tberc  raised,  he  shows  that  both  the  pro  and  con  can  be  logically 
demonstrated.  It  can  be  shown  rigorously  that  there  is  no  limit  to 
the  divisibility  of  matter  while  an  inhnite  divisibiUty  contradicts  the 
laws  of  logic.  Kant  xhows  Ukcuise  that  a  beginning  and  end  of  time, 
a  boundary  where  space  ceases,  are  as  inconceivable  as  absolutely 
endless  duration,  absolutely  endless  extension. 

This  is  by  no  means  the  sole  instance  where  philosophical  thought 
Iwcomcs  tangled  in  contradictions;  indeed,  one  hnds  them  at  e^'cry 
step.  The  ordinary  things  of  philosophy  arc  sources  of  insolvabte 
riddles;  to  explain  our  perceptions  it  invents  the  concept  of  matter 
and  then  finds  tliat  it  is  altogether  unsuited  to  poaeaa  perception 
itself  or  to  generate  perception  in  a  spirit.  With  consummate  acumen 
it  constructs  the  concept  of  space,  or  of  time,  and  finds  that  it  is 
absolutely  impossible  that  things  should  exist  in  this  space,  that 
events  should  occur  during  this  time.  It  finds  insurmountable 
difficulties  in  the  relation  of  cause  to  effect,  of  body  and  soul,  in 
the  possibility  of  consciouBnesa.  in  short,  everywhere  and  in  every- 
thing. Indeed,  it  finally  finds  it  inexplicable  and  self-contradictory 
that  anything  ran  exist  at  all,  that  something  originated  and  is  cap- 
able of  continuing,  that  everything  ran  be  classifiod  according  to 
our  categories,  nor  that  there  is  a  ([uite  perfect  classification.  Such 
a  claasificalion  will  always  be  a  variable  one  and  adapted  to  the 
rc<iuin.>nientn  of  the  moment.  Also  the  breaking  up  of  pll^'8ics  into 
theoretical  and  experimental  is  merely  a  consequence  of  the-  prcval' 
(Wt  division  of  methods  and  will  not  last  forever. 

My  present  thesis  is  quite  different  from  the  one  that  certain 
questions  are  beyond  the  boundary-  of  human  oomprchensioo.  For 
according  to  the  latter,  there  is  a  deficiency,  an  incompleteness  in  the 
human  intelligence,  while  1  consider  the  existence  of  these  questions, 
these  problems,  as  an  illuaon.  By  superficial  consideration  it  seems 
astonishing,  after  this  illusion  is  recognized,  that  the  impulse  to 
answer  those  questions  does  not  cease.  Habit  of  thought  ia  much  too 
powerful  to  release  us. 

It  is  here  as  with  the  ordinary  illusion  which  continties  operative 
after  its  cause  is  recognizMl.  In  oonsequoncf  of  thin  b  the  feeling  of 
uucert^nty,  of  want  of  satisfaction  which  the  sciential  feels  when  be 
philosophises.  These  illusions  will  yield  but  very  alowly  and  gmdually. 
and  1  consider  tt  as  one  of  the  chief  problems  of  philosophy  to  set 
fonh  clearly  the  u.<i«les8neas  of  rettching  beyond  the  limits  of  our 
habits  of  thought  and  to  strive,  in  the  choice  and  combimilaoa  ol 
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concepts  and  words,  to  give  the  moat  useful  cxprreaion  of  facts  id  a 
manner  which  is  independent  of  onr  inheritml  habits.  Then  all  these 
compUcationB  and  contradiciiona  miiat  vanish.  It  must  be  made 
dear  what  is  stone  in  the  structure  of  our  thoughts  and  what  is 
mortar,  and  the  oppressive  sentiment,  that  the  simplest  things  are 
the  moat  inexplicable  ond  the  moat  trivial  are  the  most  mysterious, 
becomes  mere  imagination-change. 

To  call  upon  logic  seems  to  me  as  if  one  were  to  put  on  for  a  trip 
iQto  the  mountains  a  long  flowing  robe,  which  always  wrapped 
itself  about  the  feet  ao  that  one  fell  at  the  tirat  steps  while  on  the  levri. 
The  source  of  this  kind  of  logic  is  the  immoderate  trust  in  the  so- 
called  laws  of  thought.  It  is  certain  that  we  could  not  gather  ex:peri- 
ence  did  we  not  have  certain  forms  of  connecting  phenomena,  that  is 
to  say,  of  thought,  innate.  If  we  wish  to  call  the-se  laws  of  thought, 
ihey  are  indeed  a  priori  to  the  extent  that  they  accompany  every 
experience  in  our  soul,  or  if  we  prefer,  in  our  brain.  Only  nothing 
eeems  to  me  kes  reasonable  than  the  conclusion  from  the  reasoning 
in  this  Hi;n8<*  to  certainty,  to  infallibility.  These  laws  of  thought 
have  been  developed  according  to  the  same  laws  of  evolution  as 
the  optical  apparatus  of  the  eye.  the  acnuHtic  apparatus  of  the  ear, 
and  the  pumping  arrangements  of  the  heart.  In  the  course  of  human 
development  everything  useless  was  eliminated,  and  thus  a  unity 
and  finish  aroac  which  might  bo  mistaken  for  infntltbiUty.  Thus  the 
perfection  of  the  eye.  of  the  ear,  of  the  arrangement  of  thp  heart 
excite  our  admiration,  without  the  absolute  perfection  of  these 
organs  being  emphasiacd,  however.  Just  so  little  should  the  laws  of 
thought  be  regarded  as  absolutely  infallible.  They  are  the  very  onea 
which  have  developed  with  regard  to  seizing  that  which  is  most 
oocGssary  and  practically  useful  in  the  maintenance  of  life.  With 
these,  the  results  of  experimental  investigation  show  more  relation 
than  the  examination  of  the  mechanism  of  thought.  We  should, 
therefore,  not  be  surprised  that  the  customary  forms  of  thought 
tor  the  abstract  are  not  entirely  suited  to  practical  applications 
in  far  removed  problems  of  philosophy,  and  that  they  have  not 
become  applicable  since  the  days  of  Thalcs.  Therefore  the  simplest 
things  seem  to  be  the  most  puzzling  to  the  philosopher.  And  he 
finds  ever>'where  contradictions;  these  are  nothing  more,  however, 
than  useless,  incorrect  facsimiles  of  that  which  is  given  us  through 
our  thoughts.  In  facta  there  can  be  no  contradictions.  As  soon  aa 
contradictions  seem  unavoidable  we  must  test,  extend,  and  seek 
to  modify  that  which  we  call  laws  of  thought,  but  which  are  only 
inherited,  customary  representations,  preserved  for  aeons,  for  the 
description  of  practical  needs.  Just  as  to  the  inheritixi  discoveries 
of  the  cylinder,  the  carriage,  the  plow,  numerous  artificial  ones  have 
been  consciously  addwl,  ao  must  we  improve,  artificially  and  con- 
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sciously.  our  likewise  inherited  concepts.  Our  problem  cannot  be 
to  quote  facts  belore  tbe  judgment  seat  of  our  laft«  of  tbougbt.  but 
to  til  our  mental  representations  and  concepts  to  the  facts.  Since 
we  attempt  to  express  with  clearness  such  complicated  processes 
merely  by  words,  ttTitten,  spoken,  or  inwardly  thought,  it  might 
also  be  said  that  we  should  combine  the  words  in  such  wise  as  to 
give  the  most  appropriate  expression  of  the  facts,  that  the  relations 
indicated  by  our  words  should  be  most  adequate  for  the  rclHtions 
amung  the  actualities.  When  the  problem  is  enunciated  in  this 
fashion,  its  appropriate  solution  may  still  offer  the  greatest  difficulties, 
but  one  knows  then  the  end  in  view  und  will  not  stumble  on  self- 
made  difficulties. 

Much  that  is  usclesa  in  the  usage  and  in  the  bearing  of  the  nature 
of  life  is  brought  forth  by  a  method  of  treatment  which,  being 
useful  in  most  cases,  becomes  through  habit  a  second  nature,  until 
onr  cannot  set  it  aside  when  it  becomes  inapplicable  somewhere. 
I  say  that  the  adaptability  goes  beyond  the  point  umcd  at.  This 
happens  frequently  in  the  commonplaces  of  thought,  and  becomes 
the  source  of  apparent  contradictions  between  the  laws  of  thought 
tuid  the  world,  an  well  as  between  the  lews  of  thought  themselves. 
'  Thus,  the  regularity  of  the  phenomena  of  nniure  is  the  fund** 
mental  condition  for  all  cognition;  thus  comes  the  habit  of  inquiring 
of  ever)-tliing  the  cause,  the  non-resisting  eompulsioo,  and  wc 
inquire  also  concerning  the  cause,  why  everything  must  have  a  cause. 
In  fact  people  strove  for  a  long  time  to  determine  if  cause  and  effect 
is  H  necessary  bond  or  merely  an  accidental  sequence,  and  if  it  did 
or  did  not  have  a  unique  meaning  to  say  that  a  oertain  partioular 
phenomenon  was  connectinl  with,  and  a  necessary  consequence  of, 
a  definite  group  of  other  phenomena. 

Similarly,  something  is  said  to  be  useful,  valuable,  If  it  aatiafiea  Hit 
needs  of  the  imlividual  or  of  humanity;  but  we  go  beyond  the  mark 
if  we  ask  concerning  the  value  of  life  itself,  if  such  it  seem  to  have, 
because  il  has  no  purpose  outaide  of  itaetf.  The  same  liappcns  when 
wr  strive  vainly  to  explain  the  amplest  concepts,  out  of  which  all 
others  arc  built,  by  means  of  simpler  ones  still,  to  explain  the  simplest 
fundamental  laws. 

We  should  not  attempt  to  deduce  nature  iram  our  concepLs,  but 
should  adapt  the  latter  to  the  former.  We  should  not  believe  our 
inherited  rules  of  thou^t  to  be  conditioos  preceding  our  more  conk- 
plicated  experiences,  for  they  am  not  so  for  the  simplest  ssBsntisk. 
They  amec  slowly  in  connection  with  simple  experiesocs  and  paawd, 
hy  heredity,  to  the  more  highly  organised  bnng,  Tlius  is  explained 
how  synthetic  judgments  arise  which  were  formed  by  our  anecMton 
and  wore  burn  in  us,  and  are  in  this  sense  a  jtriori.  Thnir  great 
power  is  also  seen  in  this  way,  but  not  their  infallibility. 
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III  saying  that  such  judgments  as  *'  everything  is  red  or  is  not  red  " 
are  results  of  csporicnce,  1  do  not  mean  that  every  person  checks  this 
empty  tmth  by  experience,  but  that  he  learns  that  his  parents  eailed 
everj-thing  either  red  or  not  red  and  that  he  preserves  this  nomen- 
clature. 

It  might  seem  as  if  we  had  gone  somewhat  deeply  into  philosophical 
questions,  but  I  believe  that  the  views  we  have  reached  could  nut 
have  been  attained  in  a  short^^r  and  simpler  manner.  For  wc  have 
reached  an  impartial  judgment  how  the  question  of  the  atoniistio 
structure  uf  mutter  is  to  be  viewed.  We  shall  not  invoke  the  law  of 
thought  that  there  is  no  limit  to  the  divisibility  of  matter.  This  law 
is  of  no  more  value  than  if  a  naive  peraon  were  to  say  that  no  matter 
where  he  went  upon  the  earth  the  plumb-line  directions  seemed 
always  1«  be  parallel  and  therefore  ther«  were  no  anlipodee. 

On  the  urii^  hand  we  shall  start  from  facts  only,  and  on  the  other 
we  shall  take  nothing  into  consideration  except  the  effort  to  attain 
to  the  most  adequate  expression  of  these  facts. 

Regarding  the  first  point,  the  numerous  facts  of  the  theory  of 
heat,  of  chemistry',  of  crystallography,  Bhuw  that  Ixidios  which  are 
apparently  continuous  do  not  by  any  means  fill  the  entire  volume 
indistinguishably  and  uniformly  with  matter.  Indeed,  it  appeiars 
that  the  space  which  they  occupy  is  filled  with  innumerably  many 
individuals,  molecules,  and  atoms,  which  arc  extraordinarily  small, 
but  not  infini|{^]y  small  in  the  mathematical  sense.  Their  sizes  can 
be  computed  in  different  manners  and  always  with  the  same  result. 

The  fruitfulttCBS  of  this  line  of  thought  has  been  verified  in  the 
moat  recent  time.  All  the  phenomena  which  are  observed  with  the 
cathode  rays,  the  Becquerel  rays,  etc.,  indicate  that  we  are  dealing 
with  diminutive,  moving  particles,  electrons.  After  a  vigorous 
battle,  this  view  vanquished  completely  the  opposing  explanation  of 
these  phenomena  by  the  theory  of  undulations.  Not  only  did  the 
former  theory  give  a  better  explanation  of  the  previously  known 
facts,  it  inspired  new  experiments  and  permitted  the  prediction  of 
unknown  phenomena,  and  thus  it  developed  into  an  atomistic  theory 
of  electricity.  If  it  continue  to  develop  with  the  same  success  as 
in  past  years,  if  phenomena,  such  as  the  one  ob3er\'ed  by  Ramsay 
on  the  transmutation  of  radium  into  helium,  do  not  remain  isolated, 
this  theory  promises  deductions  concerning  the  nature  and  structure 
of  atoms  as  yet  undreamed  of,  Computation  shows  that  electrons  are 
much  smaller  than  the  atoms  of  ponderable  matter;  and  the  hypo- 
thesis that  the  atoms  are  built  up  of  many  elements,  as  well  as 
various  interesting  views  on  the  character  and  structure  of  this  com- 
position, ia  to-day  on  every  tongue.  The  word  atom  should  not 
lead  us  into  error,  it  comes  from  a  past  time;  no  physicist  ascribes 
indivisibility  to  the  atoms. 
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It  is  not  my  tnlcnlion  to  coniiitc  the  tlumght  merely  to  the  abon 
facts  and  their  resulting  coiiBtKiucuces;  thc^ae  arc  not  sulTicicnt  to 
carry  through  the  questioo  as  to  tho  finibo  or  infinite  diviaibilily 
of  iriutler.  If  wp  are  going  to  think  of  the  atomg  of  chcniistry  as 
maiie  up  of  clocirons,  what  would  hinder  us  from  considering  the 
electrons  as  particles  filled  vith  rarefied,  continuous  mattert  Wr 
shall  ailhero  faithfully  to  the  previously  developed  philosophical 
principles  and  shall  examine  in  the  most  unhampered  manner  the 
concepts  themselves  in  order  to  express  them  in  a  eonustcat  and 
most  useful  form. 

It  appears  now,  that  we  are  unable  to  define  the  infinite  in  any  other 
way  except  as  the  limit  of  continually  increasing  magnitudes,  at 
least  no  one  has  hitherto  been  able  to  set  up  any  other  intelligible 
conception  of  the  infinite.  Should  «'e  desire  a  verbal  picture  of  the 
continuum,  we  must  first  think  of  a  large  finite  number  of  particles 
which  are  endowed  with  certain  properties  and  study  the  totality 
of  these  particles.  Certain  propertiett  of  thiii  totality  may  approach 
a  definite  limit  as  the  number  of  particles  is  increased,  and  their 
size  decreased.  It  can  be  asserted,  concerning  these  properties,  that 
they  belong  to  the  continuum,  and  it  is  my  opinion  that  this  is  the 
only  self-cunsisteut  delinition  of  a  continuum  which  is  endowed 
with  certain  properties. 

Tlie  question  if  matter  is  compoeed  of  atoms  or  is  continuous 
becomes  tben  the  question  if  the  observed  properties  are  accurately 
satisfied  by  the  assumption  of  an  exceedingly  great  number  of 
such  particles  or,  by  increasing  number,  their  limit.  We  have  doL 
indeed  answered  the  old  philosophical  qucatioo,  but  we  are  cured  of 
the  effort  to  answer  it  in  a  sensclesa  and  hopeless  manner.  The 
thought-process,  that  we  must  investigate  the  properties  of  a  finite 
totality  and  then  let  the  number  of  members  of  this  totality  increase 
greatly,  remains  the  same  in  both  cases.  It  is  nothing  other  thao 
the  abbreviated  expression  in  algebraic  symbols  of  exactly  the  same 
thought  when,  as  often  happens,  differential  equations  are  made 
the  ba.'tis  of  a  mathematical-physical  theory. 

The  members  uf  the  totality  which  we  select  a«  the  picture  of  the 
material  body  cannot  l>e  thought  of  as  absolutely  at  rest,  for  tbere 
would  then  be  no  motion  of  any  kind,  nor  can  the  members  be  thoofbt 
of  as  relatively  at  re.it  in  one  and  the  same  IxKly,  for  in  this  case  It 
would  be  impoMiblc  to  account  for  tlie  fluids.  No  effort  has  been 
made  to  subject  them  to  anything  more  than  to  tin  -  \1  laws 
of  mechanics.  In  order  tn  explain  nature  we  shall  '•  ■■  ■  •  ttcloM 
B  totality  of  an  exceedingly  targe  number  of  very  minute  funda- 
mental indiinduals  which  are  constantly  in  motion,  and  wliich  are 
subject  to  the  tan's  of  mechanics.  But  an  objiyiion  is  raiaed  that 
will  be  ao  appropriate  intniduetlon  to  the  final  crituidcrations  of 
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this  lecture.  The  fundamental  oquBtinmi  of  mechanics  do  not  alter 
their  form  in  the  slightest  way  when  the  algebraic  sign  of  the  time  is 
changed.  All  pure  mechanical  events  can  therefore  occur  equally 
wcU  in  oQO  sense  as  in  its  opposite,  that  is,  in  the  sense  of  increasing 
time  or  of  diminishing  time.  We  remark,  however,  that  in  ordinary 
life  future  and  past  do  not  coincide  as  completely  as  the  directions 
right  and  left,  but  that  the  two  are  distinctly  different. 

This  becomes  still  more  definite  by  means  of  the  second  law  of  the 
mechanical  theory  of  heat,  which  asserts  that  when  an  arbitrary 
system  of  bodies  is  left  to  itself,  tminRucnced  by  other  bodies,  the 
sense  in  which  changes  of  condition  occur  can  be  assigned.  A  certain 
function  of  the  condition  of  all  the  bodies,  the  entropy  can  be 
det«-nninetl,  which  is  such  that  ever}'  change  that  occurs  must  be  in 
the  sense  of  carrying  with  It  an  increase  of  this  function;  thus, 
with  increasing  time  the  entropy  Increases.  This  law  is  indec^d  an 
abstraction,  just  as  the  principle  of  Galileo;  for  it  is  impossible,  in 
strict  rigor,  to  isolate  a  system  of  bodies  from  ^1  others.  But  since 
it  has  given  correct  re-sults  hitherto,  in  connection  with  all  the  other 
laws,  we  assume  it  to  be  correct,  just  as  in  the  ease  of  the  principle  of 
Galileo 

It  follows  from  this  law  that  every  closed  system  of  bodies  must 
tend  toward  a  definite  final  condition  for  which  the  entropy  is  a 
maximum.  The  outcome  of  this  law,  that  ttie  univcnte  must  come 
to  a  final  state  in  which  nothing  more  can  occur,  has  caused  aston- 
ishment;  but  this  outcome  ia  only  comprehensible  on  the  assump- 
tion that  the  universe  is  finite  and  subject  to  the  second  law  of  the 
mechanical  theory  of  heat.  If  one  regards  the  universe  as  infinite, 
the  above-mentioned  difficulties  of  thought  arise  again  if  one  does 
not  consider  the  infinite  as  a  mere  limit  of  the  finite.  Since  there  is 
nothing  analogous  to  the  second  law  in  the  differential  equations 
of  mechanics,  it  follows  that  it  can  be  represented  mechanically  only 
by  the  initial  conditions.  In  order  to  find  the  aaiuniptions  suit- 
able for  this  purpose,  we  must  reflect  that,  to  explain  the  appar- 
ent continuity  of  bodies,  we  had  to  assume  that  every  family 
^  of  atoms,  or  more  generally,  of  mechanical  individuahi,  existed  in 
^  incredibly  many  difTerent  initial  positions.  In  order  to  treat  this 
asBumptiou  mathematically,  a  new  science  was  founded  whose  pro- 
blem is,  not  the  study  of  the  motion  of  a  single  mechanical  sj'stem, 
but  of  the  properties  of  complexes  of  very  many  mechanical  systems 
which  begin  with  a  great  variety  of  initial  conditions.  The  task  of 
systematizing  this  science,  of  compiling  it  into  a  lai^e  book,  and  of 
giving  it  a  characteristic  name,  was  executed  by  one  of  the  greatest 
American  scholars,  and  in  regard  to  abstract  thinking,  purely  theo- 
retic investigation,  perhaps  the  greatest,  Willard  Gibbs,  the  recently 
deceased  professor  at  Yale  University.    He  called  this  science  statis- 
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tical  mechanics,  and  it  falls  naturally  into  two  parts.  The  first  m- 
vestigates  the  conditions  under  which  the  outwardly  ^-isible  proper- 
lies  of  a  complex  of  verj-  many  mechanical  individuals  is  not  in  any 
uise  altered;  this  first  part  I  shall  call  statistical  statics.  The  sec- 
end  part  investigates  the  gradual  changes  of  these  outwardly  visible 
properties  when  those  conditions  arie  not  fulfilled;  it  may  be  called 
statistical  dynamics.  At  this  point  we  may  allude  to  the  broad  view 
which  is  opened  by  applying  this  science  to  the  statistics  of  ani- 
mated beings,  of  human  soctetj*,  of  sociology,  etc.,  and  not  merely 
upon  mechanical  particles.  A  development  of  the  details  of  this 
science  would  only  be  possible  in  a  series  of  lectures  and  by  means 
of  mathematical  formulas.  Apart  from  mathematical  difficulties  it  is 
not  free  from  diffictilties  of  principle.  It  is  based  upon  the  theory 
of  probabilities.  The  latter  ia  as  exact  as  any  other  branch  of  raalbiv 
matics  if  the  concept  of  cc^ual  probabilities,  which  cannot  bo  de- 
duced from  the  other  fundamental  notions,  is  assumed.  It  is  hers 
as  in  the  method  of  least  squares  which  is  only  free  from  objection 
when  certain  definite  assumptions  arc  nmdc  concerning  the  equal 
probability  of  elementary  errors.  The  existence  of  this  fundamental 
difficulty  explains  why  the  simplest  result  of  statistical  statics,  the 
proof  of  Maxwell's  speed  law  among  the  molecules  of  a  gas,  Is  sttU 
being  disputed. 

The  theorems  of  statistical  mechanics  arv  rigorous  conspquonees 
of  the  assumptions  and  will  always  remain  valid,  just  as  all  wdl- 
foundcd  mathematical  theorems.  But  its  application  to  the  events 
of  nature  is  the  prototype  of  a  physical  hypothesis.  Starting  from 
the  simplest  fundamental  assumption  of  the  equal  probabilities,  we 
find  that  aggregates  of  vorj-  many  indiWduals  behave  quite  ana- 
logously as  experience  shows  of  the  material  world.  Progn*»sive  or 
visible  rotary  motion  must  always  go'  over  into  in\Hsiblc  motion  of 
the  minutest  particles,  into  heat,  as  Helmholtz  charaeteristietHy 
says:  ordered  motion  tends  always  to  go  over  into  not  ordered 
motion;  (he  mixture  of  difTerent  substances  as  well  as  of  diifemit 
temperatures,  the  points  of  greater  or  less  intense  molecular 
motion,  must  always  tend  toward  homogeneity.  That  this  mixture 
was  not  complete  from  the  start,  that  the  universe  began  in  such 
an  improbable  state,  belongs  to  the  fundamental  hy])othe«e^  of  the 
entire  theory;  and  it  may  be  said  that  the  reason  for  this  Is  as  little 
known  as  the  retuon  why  the  universe  is  just  so  and  not  ntherwisr. 
But  we  may  take  a  different  point  of  view.  Conditions  of  great  mix- 
ture and  great  differences  in  temperature  are  not  absfilutelyimpoB- 
sible  according  to  the  theory  but  are  verj*  highly  improbable.  If  Ibe 
universe  be  considered  as  large  enough  there  will  be,  acrording  to  th* 
laws  of  probability,  here  and  there  plooes  of  the  sixe  of  fixed  stan, 
of  sllogelhcr  improbable  distributions.   The  developrnMit  of  micAi 
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a  spot  would  be  oae-sided  both  in  its  structure  and  subsequent  dis- 
solution. Were  there  thinking  beings  at  such  a  spot  their  impressions 
of  time  would  be  the  same  as  ours,  although  the  course  of  events  in 
the  universe  as  a  whole  would  not  be  one-sided.  The  above-developed 
theory  does  indeed  go  boldly  beyond  our  experience,  but  it  has  the 
merit  which  every  such  theory  should  have  of  showing  ub  the  facts 
of  experience  in  an  entirely  new  Ught  and  of  inspiring  us  to  new 
thought  and  reflection.  In  contradistinction  to  the  first  fundamental 
law,  the  second  one  is  merely  based  on  probability,  as  Gibbs  pointed 
out  in  the  '70's  of  the  last  century. 

I  have  not  avoided  philosophical  questions,  in  the  firm  hope  that 
cooperation  between  philosophy  and  natural  science  will  give  new 
sustenance  to  both;  indeed,  that  only  in  this  manner  a  consistent 
argument  can  be  carried  through.  I  agree  with  Schiller  when  he 
says  to  the  scientists  and  philosophers  of  his  day, "  Let  there  be  strife 
between  you,  and  the  union  will  come  speedily;"  I  believe  that  the 
time  for  this  union  has  now  arrived. 
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What  Ib  the  actual  state  of  mathematical  physics?  What  are  the 
problems  it  is  led  to  set  itself?  What  is  its  future?  Is  its  oricutaiioa 
on  the  iK)iiit  uf  mollifying  itself? 

Will  the  aim  anii  Lhe  methods  of  this  science  appear  in  ten  yean 
to  our  immediate  successois  in  the  same  light  as  to  ouredves;  or, 
on  the  contrary,  are  we  almut  to  witness  a  profound  trausfonnation? 
8uch  arc  the  questions  we  arc  forced  to  raise  in  entering  to-day  upOD 
our  investigation. 

If  it  is  easy  to  propound  them,  to  answer  is  difficult. 

If  we  fed  oureclves  tempted  to  risk  a  prognostication,  we  have, 
to  resist  tiiis  temptation,  only  to  think  of  all  the  stupidities  the 
most  eminent  savants  of  a  hundred  years  ago  would  have  uttcrod. 
if  one  had  asked  them  what  the  science  of  the  nineteenth  century 
would  be.  They  would  have  believed  themselves  bold  in  their  pre- 
dictions, yet  after  the  event  how  very  timid  we  should  have  found 
them. 

Mathematical  physics,  we  know,  was  bom  of  celestial  mechanics, 
which  engendered  it  at  the  end  of  the  eighteenth  century,  at  the 
moment  when  the  latter  was  attaining  itu  complete  devcJapment. 
During  its  first  years  especially,  the  infant  resembled  in  a  strikil^ 
way  its  mother. 

The  astronomic  univetse  la  formed  of  masses,  very  great  without 
doubt,  but  separated  by  intervals  so  immense  that  they  appe«r  \A 
us  only  as  material  points.  These  points  attract  each  other  in  the 
inverae  ratio  of  the  square  of  the  distances,  and  this  attraction  is 
the  sole  force  which  influences  their  movements.  Bui  if  our  wdms 
were  sufficiently  subtle  to  show  us  all  the  details  of  the  bodle*  which 
the  physicist  studies,  the  spectacle  we  should  there  discover  would 
scarcely  differ  from  what  the  astronomer  contcmpUte*.  There  «1« 
we  should  see  material  points,  separated  one  from  another  by  iolo^ 
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vftU  enormous  in  relation  to  their  dimensions,  and  describing  orbita 
following  regular  laws. 

These  infioitesinaal  stars  are  the  atoms.  like  the  stars  properly 
so  called,  they  attract  or  repel  each  other,  and  this  attraction  or  this 
repulsion  directed  following  the  straight  line  which  joins  them,  de- 
pends onlj'  on  the  distance.  The  law  according  to  which  this  force 
varies  as  function  of  the  distance  is  perhaps  not  the  law  of  Xcwton, 
but  it  is  an  annlogous  law;  in  place  of  the  exponent  —  2,  we  have 
probable' a  different  exponent,  and  it  is  from  this  change  of  exponent 
that  springs  all  the  diversity  of  physical  phenomena,  the  variety  of 
qualities  and  of  sensations,  all  the  world  colored  and  sonorous  which 
surrounds  us,  — in  a  word,  all  nature. 

Such  is  the  primitive  conception  in  all  its  purity.  It  only  remains 
to  seek  in  the  diflrrent  cases  what  value  should  he  given  to  this 
exponenl  in  ortier  to  explain  all  the  facts.  It  is  on  this  mf>del  that 
Ijaplace,  for  example,  constructed  his  beautiful  theorj'  of  capillarity; 
he  regards  it  only  as  a  particular  case  of  attraction,  or  as  he  says 
of  universal  gravitation,  and  no  one  Is  astonished  to  find  it  in  the 
middle  of  one  of  the  five  volumes  of  the  M^ainique  oflmte. 

More  recently  Briot  believed  he  harl  penetrated  the  final  secret 
of  optics  in  demonstrating  that  the  atoms  of  ether  attract  each  other 
in  the  inverse  ratio  of  (he  sixth  power  of  the  distance;  and  does  not 
Maxwell  himself  say  somewhere  that  the  atoms  of  gases  repel  each 
other  in  the  inverse  ratio  of  the  fifth  power  of  the  distance?  We  have 
the  exponent  —  6,  or  —  5  in  place  of  the  exponent  —  2,  but  it  la 
always  an  exponent. 

Among  the  theories  of  this  period,  one  alone  is  an  exception,  that 
of  Fourier;  in  it  are  indeed  atoms,  acting  at  a  distance  one  upon  the 
other:  they  mutually  transmit  heat,  but  they  do  not  attract,  they 
never  budge.  From  this  point  of  \*iew,  the  theory  of  Fourier  must 
have  appeared  to  the  eyes  of  his  contemporariee,  even  to  Fourier 
hinwelf,  as  imperfect  and  proWsional. 

This  conception  was  not  without  grandeur;  it  was  seductive,  and 
many  among  us  have  not  finally  renounced  it;  we  know  that  we 
shall  attain  the  ultimate  elements  of  things  only  by  patiently  disen- 
tangling the  complicated  akein  that  our  senses  give  us;  that  it  is 
neecesary  to  advance  step  by  step,  neglecting  no  inlermetliary ;  that 
our  fathers  were  wrong  in  ft-ishing  to  skip  statiorw;  but  we  believe 
that  when  wp  shall  have  arrived  at  these  ultimate  elements,  there 
again  will  bo  found  the  majestic  simplicity  of  celestial  mechanics. 

Neither  has  this  conception  been  useless;  it  has  rendered  us  an 
inestimable  service,  since  it  has  contributed  tfl  make  precise  in  us 
the  fundamental  notion  of  the  physical  law. 

I  will  explain  my«e!r;  how  did  the  ancients  underetand  law?  It 
was  for  them  an  internal  harmony,  etatiCj  so  to  say,  and  immutable; 
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or  it  wftB  like  a  model  that  nature  constrained  herself  to  imltAte.  A 
Ian-  for  tis  is  not  that  at  all;  it  is  a  constant  relation  between  the 
phenomenon  of  to-day  and  that  of  to-morrow;  in  a  word,  it  is  a 
differential  equation. 

The  ideal  form  of  physical  law  is  the  law  of  Newton  which  first 
covered  it;  and  then  how  has  one  to  adapt  this  form  to  physics? 
by  copying  as  much  as  possible  this  law  of  Newton,  that  is,  in  imi- 
tating celestial  mechanics. 

Nevertheless,  a  day  arrived  when  the  conception  of  central  forces 
no  longer  appeared  sufficient,  and  this  is  the  first  of  those  crises  of 
which  I  just  now  spoke. 

Then  investigators  gave  up  trying  to  penetrate  into  the  detail 
of  the  structure  of  the  universe,  to  isolate  the  pieces  of  this  vast 
mechanism,  to  analyze  one  by  one  the  forces  which  put  them  in 
motion,  and  were  content  to  take  as  guidca  certain  general  prin- 
ciples which  have  precisely  for  their  object  the  sparing  us  this  minute 
study. 

How  so?  Suppose  that  wc  have  before  us  any  machine;  the  ini- 
tial wheel-work  and  the  final  wheel-work  alone  are  visible,  but  the 
transmiaaion,  the  intennediEwy  wheels  by  which  the  movement  is 
communicated  from  one  to  the  other  are  hidden  in  the  interior 
and  escape  our  view;  we  do  not  know  whether  the  communication 
is  made  by  gearing  or  by  belts,  by  oonnecling-rods  or  by  other  dis- 
poaitivca. 

Do  we  say  that  it  Is  impossible  for  us  to  understand  anything  about 
this  machine  so  long  as  wc  are  not  permitted  to  take  it  to  pieces? 
You  know  well  we  do  not,  and  that  the  principle  of  the  oonservatinn 
of  cnerf^'  sufHcca  to  determine  for  us  the  most  interesting  point.  We 
easily  a<tcertain  that  the  ftnal  wheel  turns  ten  times  leas  quickly  than 
the  initial  wheel,  since  these  two  wheels  are  \iaible;  wo  are  able 
thence  to  conclude  that  a  couple  applied  to  the  one  will  be  baluocil 
by  a  couple  ten  times  greater  applied  to  the  other.  For  that  there 
is  no  neeil  to  penetrate  the  mechanism  of  this  equilibrium  and  to 
know  how  the  forces  compenflatc  each  other  in  the  interior  of  the 
machine;  it  sufBcestobe  assured  that  this  compensation  cannot  foil 
to  ooour. 

Well,  in  reganl  to  the  universe,  the  principle  of  the  conservation 
of  energy  is  Rbic  to  render  us  the  same  service.  This  is  also  a  machine, 
much  more  complicated  than  all  those  of  industry,  and  uf  which 
almost  all  the  parts  are  profoundly  hidden  from  us;  but  in  observing 
the  movement  of  those  that  we  can  see.  wc  arc  able,  by  aid  of  thii* 
principle,  to  draw  concliuions  which  rcmun  true  whatever  may  h" 
the  details  nf  the  invisible  mechanism  which  animatM  them. 

The  principle  of  the  coDaervarion  of  energy,  or  the  principle  of 
Mayer,  ia  certainly  the  most  important,  but  it  is  not  the  only  one; 
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[there  are  otiiera  from  wbicb  we  are  able  to  draw  the  same  advantage. 
These  are: 

The  principle  of  Carnot,  or  the  principle  of  the  degradation  of 
energy. 

The  principle  of  Newton,  or  the  principle  of  the  equality  of  action 
and  reaction. 

The  principle  of  relativity,  according  to  which  the  laws  of  phys- 
ical phenomena  should  be  the  same,  whether  for  an  observer 
fixed,  or  for  an  observer  carried  along  in  a  uniform  move- 
ment of  translation;  so  that  we  have  not  and  could  not 
have  any  means  of  discerning  whether  or  not  we  are  carried 
along  in  such  a  motion. 

The  principle  of   the  conservation  of  maas,  or  principle  of 
Lavoit^ier. 
I  would  add  the  principle  of  least  action. 

The  application  uf  these  five  or  six  general  ])[-iiicipIe8  to  the  difler- 
ent  phyflical  phenomena  is  sufficient  for  our  learning  of  them  what 
wn  could  rca»onal>iy  hope  to  know  of  them. 

The  moet  remarkalile  example  of  this  new  mathematical  phj-eics 
is,  beyond  coutnuliction.  Maxwell's  electro-magnetic  tlicory  uf  light. 

We  know  nothing  of  the  ether,  how  its  molecules  am  disposed, 
whether  they  attract  or  repel  each  other;  hut  we  know  that  this 
medium  transmits  at  the  same  time  the  optical  perturbation^)  and 
'  tho  electrical  perturitatinns;  we  know  that  ibis  transmission  should 
[be  made  conformably  to  the  general  principles  of  mechanics,  and 
that  suffices  us  for  the  establishment  of  the  equations  of  the  electro- 
magnetic field. 

These  principles  are  results  of  experiments  boldly  generalised; 
but  they  seem  to  derive  from  their  generality  itself  an  eminent 
degree  of  certitude. 

la  fact  the  more  geoerol  they  are,  the  more  frequently  one  has 
the  occasion  to  check  them,  and  the  verificationa,  in  multiplying 
themselves,  in  taking  forma  the  most  \'aried  and  the  most  unex- 
pected, finish  by  no  longer  loa\ing  place  for  doubt. 

Such  is  the  second  phase  of  the  history  of  mathematical  physics, 
[mod  WD  have  not  yet  emerged  from  it. 

Do  we  say  that  the  first  has  been  useless?  that  during  fifty  years 
science  went  the  wrong  way,  and  that  there  is  nothing  left  but  to 
forget  so  many  accumulated  efforts  as  vicious  conceptions  condemned 
in  advance  to  non-success? 

I     Not  the  least  in  the  world;  the  second  phase  could  not  have  come 
into  exi3t*;nce  without  the  first? 

The  hypothesis  of  central  forces  contained  all  the  principles;  it 
involved  them  as  necessary  consequences;  it  involved  both  the  con- 
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servatSon  of  energy  and  Ihat  of  inaiiseej  and  the  equality  of  action 
and  reaction;  and  the  law  of  least  actiou,  which  would  appear,  it 
is  true,  not  as  oxperituciital  voritios,  but  aa  theorems,  and  of  whidi 
the  ejiunciatiun  wuuKl  have  at  the  same  time  a  something  more  pre- 
cise  and  lees  general  than  under  their  actual  form. 

It  is  the  uiatheinatical  physics  of  our  fathers  which  has  familiar^ 
iaed  us  little  by  little  with  these  divers  principles;  which  has  taught 
UB  to  recognize  them  under  the  different  vestments  in  which  they 
disguise  themselves.  One  has  to  compare  them  to  the  data  of  ex- 
perience, to  find  bow  it  wae  necessary  to  modify  their  enunciation 
80  as  to  adapt  them  to  these  data;  and  by  these  processes  they 
have  been  enlarged  and  coosolidatcd. 

So  we  have  been  led  to  regard  them  as  experimental  verities; 
the  conception  of  central  forces  became  then  a  useless  supix>rt,  or 
rather  an  embarrassment,  since  it  made  the  principles  partake  of  its 
hypothetical  character. 

l^e  frames  have  not  therefore  broken,  because  they  were  elastic: 
but  they  have  enlarged;  our  fathers,  who  established  them,  did  not 
work  in  vain,  and  we  recognize  in  the  science  of  lo^ay  the  general 
trails  of  the  sketch  which  tbey  traced. 

Are  we  about  to  enter  now  upon  the  eve  of  a  second  crisis?  Aw 
theve  principles  on  which  we  have  built  all  about  to  crumble  away 
in  their  turn?  For  some  time,  this  may  well  have  been  asked. 

In  hearing  me  speak  thus,  you  think  without  doubt  of  radium, 
that  grand  revolutionist  of  the  present  time,  and  in  fact  I  will  oome 
back  to  it  presently;  but  there  is  something  else. 

It  i«  not  alone  the  conservation  of  energy  which  is  in  quefltion; 
all  the  other  principles  are  equally  in  danger,  aa  we  shall  see  in  pass- 
ing them  auccoiwively  in  review. 

Let  us  commence  with  Che  principle  of  Carnot.  This  is  the  only 
one  which  does  not  present  itself  as  an  immediate  consequence  of 
the  hypothesis  of  central  forces;  more  than  that,  it  Beems,  if  not 
directly  to  contradict  that  hypothesis,  at  least  not  to  be  reconciled 
with  it  without  a  certain  effort. 

If  ph\*8ical  phenomena  were  due  exclusively  to  the  movementi 
of  atoms  whose  mutual  attraction  depended  only  on  the  dtstaaee, 
it  seems  that  all  these  phenomena  should  bo  reversible;  if  all  th« 
initial  velocities  were  reversed,  these  atoms,  always  subjected  to 
the  same  forces,  ought  to  go  over  their  trajectories  in  the  eontrarj 
sense,  just  as  the  earth  would  describe  in  the  retrograde  sense  this 
same  elliptic  orbit  which  it  describes  in  the  direct  sense,  if  the  initial 
conditions  of  its  movement  had  been  reversed.  On  this  aeoouot,  U 
a  ph>'8ical  phenomenon  is  possible,  Ihe  inverse  phenomenon  should 
be  equally  so,  and  one  should  be  able  to  reasoend  the  coune  of 
time. 
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But  it  U  not  so  Id  nature,  and  this  U  precisely  what  the  principle 
of  Carnot  tenches  us;  beat  can  pass  from  the  Wfirm  body  to  the  cold 
body;  it  is  impossible  afterwards  to  make  it  rea»cend  the  inverse 
way  and  reestablish  differences  of  temperature  which  have  been 
effaced. 

Motion  can  be  wholly  dissipated  and  transformed  into  heat  by 
[friction;  the  contrary  transformation  can  never  be  made  except  in 
a  partial  manner. 

We  have  striven  to  r<>concile  this  apparent  contradiction.  If  the 
I  world  tends  toward  uniformity,  this  is  not  because  its  ultimate  parta, 
at  first  unliko,  tend  to  become  less  and  less  different,  it  is  because, 
shifting  at  hazard,  they  end  by  blending.  For  an  eye  which  should 
distinguish  all  the  elements,  the  variety  would  remain  always  as 
great,  each  grain  of  this  dust  preserves  its  originality  and  does  not 
model  itself  on  its  neighbors;  but  as  the  blend  becomes  more  and 
mor*  intimate,  our  gross  senses  perceive  no  more  than  the  uniform- 
ity. Behold  why,  for  example,  temperatures  tend  to  a  level,  without 
the  possibility  of  turning  backwards. 

A  drop  of  wine  falls  into  a  gla.'^s  of  water;  whatever  may  be  the 
law  of  the  internal  movements  of  the  liquid,  we  soon  see  it  colored 
I  to  a  uniform  rosy  tint,  and  from  this  moment,  however  well  we 
may  shake  the  vase,  the  wine  and  the  water  do  not  seem  capable  of 
further  separation.  Observe  what  would  be  the  type  of  the  reversible 
physical  phenomenon:  to  hide  a  grain  of  bariey  in  a  cup  of  wheat 
is  easy;  afterwards  to  find  It  again  and  get  it  out  is  practically  inv 
possible. 

All  this  Maxwell  and  Roltxmann  have  explained;  the  one  who  has 
seen  it  most  clearly,  in  a  book  too  little  read  because  it  is  a  little 
difficult  to  read,  is  GIbbs,  in  his  Eitmentary  PrtJicijda  of  Statistical 
Mechamct. 

For  those  who  take  this  point  of  view,  the  principle  of  Carnot  is 
only  an  imperfect  principle,  a  sort  of  concession  to  the  infirmity  of 
our  senses;  it  is  bccaufw  our  eyes  are  too  gros.^  that  we  do  not  dis- 
tinguish the  elements  of  the  lilcnd;  it  is  because  our  hands  are  too 
gross  that  we  cannot  force  thorn  to  .wparate;  the  imaginary  demon 
of  Maxwell,  who  is  able  to  sort  the  moloculcs  one  by  one,  could  well 
constrain  the  world  to  return  backward.  Can  it  return  of  itself?  That 
is  not  impossible;   that  is  only  infinitely  improbable. 

The  chances  arc  that  wc  should  long  await  the  concourse  of  cir- 
oumstoncf-s  whieh  would  permit  a  retrogradation,  but  soon  or  late 
they  would  be  realized,  after  years  whose  number  it  would  take 
millions  of  figures  to  write. 
I  These  reservations,  however,  all  remained  theoretic  and  were  not 
very  disquieting,  and  the  principle  of  Carnot  retained  all  its  practical 
ralue. 
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But  ben  the  scene  cbanges. 

The  biolo^st,  armed  n-ilh  hie  microAcope,  long  ng/a  noticed  in  tu» 
1>repa rations  diaorderiy  movements  of  little  particles  in  ffuspcnsion: 
this  is  the  Bro^i^niftn  movement;  he  first  thought  this  was  a  vital 
phenomenon,  but  he  soon  saw  that  the  inanimate  bodies  danced  with 
DO  le«e  ardor  than  the  others;  then  he  turned  the  matter  ov«r  Co  the 
physicists,  Unhappily,  the  physicists  remained  long  uninterested  in 
this  question;  the  light  is  focused  to  illuminate  the  microscopic  pre- 
pAration,  thought  they;  with  light  goes  heat ;  hence  inequalities  of 
temperature  and  interior  currents  produce  the  movements  in  the 
liquid  of  which  we  speak, 

M.  Gouy,  however,  looked  more  closely,  and  he  saw,  or  Ihougfat 
he  saw,  that  this  explanation  is  untenable,  that  the  movemeots 
become  more  brisk  as  the  particles  are  smaller,  but  that  they  are  not 
influenced  by  the  mode  of  illumination. 

If,  then,  these  movements  never  cease,  or  rather  are  reborn  with* 
out  ceasing,  without  borrowing  an)'thing  from  an  external  eourc* 
of  energy,  what  ought  we  to  believe?  To  be  sin*,  we  should  not 
renounce  our  behef  in  the  conservation  of  energ>-,  but  we  eee  under 
our  eyea  now  motion  tranaformed  into  heat  by  friction,  now  heal 
changed  inversely  into  motion,  and  that  without  loss  since  the  move- 
ment lasts  forever.   This  is  the  contrary  of  the  principle  of  Camot 

If  this  be  60,  to  see  the  world  return  backward,  we  no  loo^r 
have  need  of  the  infinitely  subtle  ey«  of  Maxwell's  demon;  ou 
microscope  sulBcea  us.  Bodies  too  large,  those,  for  example,  which 
are  a  tenth  of  a  millimeter,  are  hit  from  all  sides  by  moving  atoms, 
but  they  do  not  budge,  because  these  shocks  are  very  numerous  and 
the  law  of  chance  makes  them  compensate  each  other:  but  the 
smaller  particles  receive  too  few  fihocks  for  this  compensalioD  U> 
take  place  nith  certainty  and  are  incessantly  knocked  about.  And 
thus  fllrciuly  one  of  our  principles  is  in  peril. 

We  come  to  the  principle  of  relativity;  this  not  only  U  eonfinnsd 
by  daily  experience,  not  only  is  it  a  ncecanry  consequence  of  the 
hypothesis  of  central  forces,  but  it  is  imposed  In  an  Irre^tible  way 
upon  our  good  sense,  and  yet  it  also  is  battered. 

Consider  two  electrified  bodies;  though  they  seem  to  us  at  n»t, 
they  are  both  carried  along  by  the  motion  of  the  earth;  an  electric 
charge  in  motion,  Rowland  has  taught  us,  is  equivalent  to  a  cuireot; 
these  two  charged  bodies  aro,  therefore,  equivalent  to  two  parallel 
currents  of  the  same  sense  and  these  two  currents  should  attnet 
each  other.  In  measuring  this  attraction,  we  measure  the  Telocity 
of  the  earth;  not  Its  velocity  in  relation  to  the  sun  or  the  6xcd  stan. 
but  its  absolute  velocity. 

I  know  it  will  be  said  that  it  Is  not  its  absolute  velocity  thai 
Is  measured,  but  its  velocity  in  relation  to  the  ether.   How  unaolit- 
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factory  that  ist  I9  it  not  evident  that  from  a  principle  so  under- 
stood we  could  no  longer  get  anything?  It  could  no  longt^r  t«l1  us 
anything  just  because  it  would  no  longer  fear  any  contradiction. 

If  we  succeed  in  meiisuring  anything,  we  should  always  be  free 
to  aay  that  this  is  not  the  absolute  velooity  in  relation  to  the  ether, 
it  might  always  be  the  vdocity  in  relation  to  sonte  new  unknown 
Quid  with  which  we  might  fill  space. 

Indeed,  experience  has  taken  on  itself  to  ruin  this  interpretation 
of  the  principle  of  relativity;  all  attempts  to  measure  the  velocity 
of  the  earth  in  relation  to  the  ether  have  led  to  negative  resulU. 
This  time  experimental  physics  has  been  more  faithful  to  the  prin- 
ciple than  mathematical  physics;  tbc  theorists,  to  put  in  accord 
their  other  general  views,  would  not  have  spared  it;  but  experiment 
[has  been  stubborn  in  confirming  it. 

The  means  have  been  varied  in  a  thousand  ways  and  5na]ly 
Hichclson  has  pushed  precision  to  its  last  limits;  nothing  has  come 
of  it.  It  is  precisely  to  explain  thin  obstinacy  that  the  mathematicians 
are  forced  to-day  to  employ  all  their  ingenuity. 

Their  task  was  not  easy,  and  if  Lurenu  has  gotten  through  H, 
it  is  only  by  accumulating  hypctthcaea. 

The  most  ingenious  idt'a  has  been  that  of  local  time. 

Imagine  two  ohscrven  who  wish  to  adjust  their  watches  by 
optical  signals;  they  exchange  signals,  but  as  they  know  that  tb« 
transmission  of  light  is  not  instantancoui;,  they  take  care  to  croc* 
them. 

WhoJi  the  station  B  perceives  the  signal  from  the  atation  A,  Its- 
dock  should  not  mark  the  same  hour  as  that  cti  the  station  A  at  the 
moment  of  sending  the  signal,  but  this  hour  augmented  by  a  con> 
stant  representing  the  duration  of  the  transmission.  Suppose,  for 
example,  that  the  station  A  sends  its  signal  when  its  clock  marks 
the  hour  0,  and  that  the  station  B  perceives  it  when  ita  clock  marks 
the  hour  (.  The  clocks  are  adjusted  if  the  alowncas  equal  to  (  repre- 
sents the  duration  of  the  transmission,  and  to  verify  it  the  station  B 
sends  in  its  turn  a  signal  when  its  clock  marks  0;  then  the  station  A 
should  perceive  it  when  its  clock  marks  t  The  time-pieeea  are  then 
adjusted.  And  in  fact,  they  mark  the  same  hour  at  the  same  phy»< 
ical  instant,  but  on  one  condition,  namely,  that  the  two  stations  are 
fixed.  In  the  contrary  case  the  duration  of  the  transmission  mill  not 
be  the  same  in  the  two  senses,  since  the  station  A,  for  example, 
moves  forward  to  meet  the  optical  perturbation  emanating  from  B, 
while  the  station  B  flics  away  before  the  perturbation  emanating 
from  A.  The  watches  adjusted  in  that  manner  do  not  mark,  there- 
fore, the  true  time;  they  mark  what  one  may  call  the  local  time,  ao 
that  one  of  them  goes  slow  on  the  other.  It  matters  little,  since  we 
have  no  means  of  perceiving  it.    All  the  phenomena  which  happen 
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at  A,  for  example,  will  be  late,  btit  all  wiU  be  equally  so,  and  the 
observer  who  ascertaina  them  will  not  perceive  it,  since  his  watch  i« 
slow;  80,  as  the  principle  of  relati^nty  would  have  it,  he  will  have  no 
means  of  knowing  whether  he  ia  at  rest  or  in  absolute  motioD. 

Unhappily,  that  does  not  suffice,  and  complementary  hypotheses 
are  necessary;  it  is  necessary  to  admit  that  bodies  in  motion  undergo 
a  uniform  contraction  in  the  sense  of  the  motion.  One  of  the  dia- 
meters of  the  earth,  for  example,  is  shrunk  by  jBiiJoTsa,  in  conse- 
quence of  the  motion  of  our  planet,  while  the  other  diamctfr  retains 
its  nonnal  length.  Thus,  the  last  littlo  differences  End  thejnselves 
compensated.  And  then  there  still  is  the  hypothesis  al>out  forces. 
Forces,  whate\'cr  be  their  origin,  gravity  as  well  as  elasticity,  would 
be  reduced  in  a  certain  proportion  in  a  world  animated  by  a  uniform 
translation;  or,  rather,  this  would  happen  for  the  components  perpen- 
dicular to  the  translation;  the  components  parallel  would  not  change. 

Resume,  then,  our  example  of  two  electrified  bodies;  these  bodies 
repel  each  other,  but  at  the  same  time  if  all  is  ORiried  along  in  a 
uniform  translation,  they  are  equivalent  1o  two  parallel  currents  of 
the  saino  sense  which  attract  each  other.  This  electro-dynamic 
attraction  diminishes,  therefore,  the  electro-static  repulsion,  and  the 
total  repulsion  is  more  feeble  than  if  the  two  bodies  were  at  rest. 
But  nnce  to  measure  this  repulsion  we  must  balance  it  by  another 
force,  and  all  these  other  forces  are  roduced  in  the  same  proportdoo, 
we  perceive  nothing. 

Thus,  all  is  arranged,  but  are  all  the  doubts  dissipated? 

What  would  happen  if  one  could  communicate  by  non-1  tmiinoaB 
signals  whose  velocity  of  propagation  differed  from  that  of  light? 
If,  after  ha\ing  adjusted  the  watches  by  the  optical  procedure,  one 
wished  to  verify  the  adjustment  by  the  aid  of  these  new  signals, 
then  would  appear  divergences  which  would  render  e^'ident  the  coni- 
won  translation  of  the  two  stations.  And  are  such  signals  incon- 
ceivable, if  we  admit  with  Laplaee  that  universal  graWtatioo  b 
transmitted  a  milUon  times  more  rapidly  Ihan  light? 

Thus,  the  principle  of  relatiWty  has  been  valiantly  defended  in 
these  latter  times,  but  the  very  energy  of  the  defense  proves  how 
serious  was  the  attack. 

Let  us  speak  now  of  the  principle  of  Newton,  on  the  equality  of 
action  and  reaction. 

Hiis  is  intimately  bound  up  with  the  preceding,  and  It  sernu 
indeed  that  the  fall  of  the  one  would  involve  that  of  the  other. 
Thus  we  should  not  be  astonished  to  find  here  the  same  dilTiculties. 

Dectrical  phenomena,  we  think,  are  due  to  the  displacements  of 
little  charged  particles,  called  electrons,  immersed  in  the  medium 
that  we  call  ether.  Tlie  movements  of  these  electrons  produce  per- 
turbations in  the  neighboring  ether;  these  perturbations  propagate 
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themselves  in  every  diiectioa  with  the  velocity  of  light,  and  in  turn 
other  electrons,  ori^ally  at  rest*  are  made  to  vibrate  when  the 
pcrturl>ation  reaches  the  parts  of  the  ether  which  touch  them. 

The  electrons,  therefore,  act  upon  one  another,  but  Una  action  is 
not  direct,  it  is  accomplished  through  the  ether  as  intermediary. 

Under  these  conditions  can  there  be  compensation  between  action 
and  reaction,  at  least  for  an  observer  who  should  take  account 
only  of  the  movements  of  matter,  that  is  to  say.  of  the  electrons,  and 
who  should  be  ignorant  of  those  of  the  ether  that  be  could  not  see? 
Evidently  not.  Even  if  the  compensation  should  be  exact,  it  could 
not  be  simultaneous.  The  perturbation  is  propagated  with  a  finite 
velocity;  it,  therefore,  reaches  the  second  electron  only  when  thu 
first  has  long  ago  entered  upon  its  rest. 

This  second  electron,  therefore,  will  undergo,  after  a  delay,  the 
action  of  the  fij:st,  but  certainly  it  will  not  react  on  this,  since  around 
this  first  electron  nothing  any  longer  budges. 

The  analysis  of  the  facts  permits  us  to  be  still  more  precise.  Imagine 
for  example,  a  Hertzian  generator,  like  those  employed  in  wireless 
telegraphy;  it  sends  out  energy  in  every  direction;  but  we  can 
provide  it  with  a  parabolic  mirror,  as  Hertz  did  with  his  smallest 
generators,  so  as  to  send  all  the  energy  produced  in  a  single  direction, 

What  happens,  then,  according  to  the  theory?  It  is  that  the 
apparatus  recoils  as  if  it  were  a  gun  and  as  if  the  energy  it  has 
projected  were  a  bullet;  and  that  is  contrary  to  the  principle  of 
Newton,  since  our  projectile  here  has  no  mass,  it  is  not  matter,  it 
is  energy. 

It  is  still  the  same,  moreover,  with  a  beacon  light  provided  with 
a  reflector,  since  hght  is  nothing  but  a  perturbation  of  the  electro- 
magnetic field.  This  beacon  light  should  recoil  as  if  the  light  it 
sends  out  were  a  projectile.  What  is  the  force  that  this  recoil  should 
produce?  It  is  what  one  has  called  the  Maxwell- Bartholdi  pressure. 
It  is  very  minute,  and  it  has  been  difficult  to  put  it  into  e\-idence 
even  with  the  most  sensitive  radiometers;  but  il  suffices  that  it  exists. 

If  all  the  energ>'  issuing  from  our  generator  falls  on  a  receiver, 
this  will  act  as  if  it  had  received  a  meclxanical  shock,  which  will 
represent  in  a  sense  the  compensation  of  the  recoil  of  the  generator; 
the  reaction  will  be  equal  to  the  action,  but  it  will  not  be  simulta- 
noous;  the  receiver  will  move  on  but  not  at  the  moment  when  the 
generator  recoils.  If  the  energy  propagatM  itself  indefinitely  with- 
out encountering  a  receiver,  the  compensation  will  never  be  made. 

Do  we  say  that  the  space  which  separates  the  generator  from 
the  receiver  and  which  the  perturbation  must  pass  over  in  going 
from  the  one  to  the  other  is  not  void,  that  it  w  full  not  only  of  ether, 
but  of  air;  or  even  in  the  intcrplanetarj*  spaces  of  some  fluid  subtle 
but  still  ponderable;  that  this  matter  undergoes  the  shock  like  the 
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receiver  at  the  moment  when  the  energy  reaches  it.  aud  recoils  in  it« 
turn  vben  the  iM>rlurlistiun  citiita  it?  That  would  aave  the  principlE! 
uf  Newton,  Imt  that  is  not  true. 

If  energy  in  its  diffusion  remained  always  attached  Co  (Kime  ma- 
larial 9ul)gtratum,  then  matter  in  motion  would  carry  along  light 
with  it,  and  Fizeau  ha£  dcnionstratiHl  that  it  does  nothing  of  tht- 
sort,  at  least  for  air.  Thia  is  what  Michclson  and  Morlcy  ha\'e  sinoe 
ccfnfirmcd. 

One  may  suppose  also  that  the  movements  of  matter,  propeiHy 
BO  called,  arc  exactly  compensated  by  those  of  the  ether;  but  that 
would  lead  us  to  the  same  reflections  as  just  now.  The  principle  bo 
extended  would  explain  everything,  since  whatever  might  be  the 
visible  movements,  we  should  always  have  the  power  of  imaginlitg 
hypotheUcal  movements  which  compensated  them. 

Hut  if  it  is  able  to  explain  everj'thing,  this  is  because  it  don 
not  permit  us  to. foresee  anything;  it  does  not  enable  us  to  deelde 
between  different  passible  hypotheses,  since  it  explains  everything 
beforehand.   It  therefore  beotjmt's  useless. 

And  then  the  suppositions  that  it  would  be  necessary  to  make 
on  the  movements  of  the  ether  are  not  very  satisfactory. 

If  the  electric  charges  double,  it  would  be  natural  to  imagine 
that  the  velocities  of  the  divenj  atoms  of  ether  double  also,  and  for 
the  compensation,  it  would  be  necessary  that  the  mean  vekioity  o( 
the  ether  quadruple. 

"niis  is  why  I  have  long  thought  that  these  consequences  of 
theory,  contrary  to  the  principle  of  Newton,  would  end  twme  day 
by  being  abandoned,  and  yet  the  recent  exp^mmenta  on  the  more- 
menta  of  the  electrons  issuing  from  radium  seem  rather  to  oonfinn 
them. 

I  arTi\*e  at  the  principle  of  La\*ois3er  on  the  conservation  of  maases: 
in  truth  this  is  one  not  to  be  touched  without  unsettling  all  mechanics. 

And  now  certain  jjeraons  believe  that  it  seems  true  to  ua  only 
because  we  coiuuder  in  meclisnics  merely  moderate  velocilic<B,  but 
that  it  n-ould  cease  to  be  true  for  bodies  animated  by  velocities  com- 
parable to  that  of  light.  These  velocities,  it  is  now  believed,  have 
been  rralixcd;  the  cathode  rays  or  those  of  radium  may  be  formal 
of  very  minute  particlM  or  of  electrons  which  are  diiiplared  with 
veloritira  smaller  nu  doubt  than  that  of  light,  but  which  might  be  iU 
one  tenth  or  one  third. 

These  rays  can  be  deflected,  whether  by  an  elecirie  field,  or  br 
a  magnetic  field,  and  we  are  able  by  comparinj;  these  ilr^1crtion«,  lo 
measure  at  the  same  time  the  velocity  of  the  elect  rum  and  tht>ir  maoi 
(or  rather  the  relation  of  their  mafls  to  their  charge).  But  when 
it  was  seen  tliat  these  velocities  approached  thai  of  light,  it  WH 
dccidi-d  that  a  correction  waa  neocoaary. 
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These  molfctilca,  being  dcctrifiPid,  could  not  be  displaced  with- 
out agitating  the  ether;  to  put  them  In  motion  it  is  necessary  to 
overcome  a  double  inertia,  that  of  the  molecule  itself  and  that  of  the 
ether.  The  total  or  apparent  mass  that  oue  measures  is  composed, 
therefore,  of  tfra  parts:  the  real  or  mechanical  mass  of  the  mole- 
cule and  the  cloctro-dyuamlc  mass  representing  the  inertia  of  the 
ether. 

The  calculations  of  Abraham  and  the  experiments  of  Kaufmann 
have  then  »hown  that  the  mechanical  maas,  properly  so  called,  ia 
null,  and  that  the  masB  of  the  cicctrona,  or,  at  Icoat,  of  the  negative 
electrons,  is  of  exclusively  electro-dynamic  origin.  This  forces  us  to 
ohEingc  the  definition  of  mass;  we  cannot  any  longer  distinguish 
mechanical  mass  and  electro-dynamic  mass,  since  then  the  firet  would 
vanisfa;  there  k  no  nrnag  other  than  electro-dynaniic  inertia.  But 
iu  this  case  the  maes  can  no  longer  be  constant,  it  augments  with  the 
velocity,  and  it  even  d4!pends  on  the  direction,  and  a  body  animated 
by  a  nutAble  velocity  will  not  oppose  the  same  inertia  to  the  forces 
which  tend  Lu  deftect  it  from  ita  route,  as  to  those  which  tend  to 
accelerate  or  to  retard  its  progress. 

There  is  still  a  resource;  the  ultimate  elements  of  bodies  are 
eleetrouB,  some  charged  negatively,  the  others  charged  positively. 
Tlic  negative  electrons  have  no  mass,  thia  ia  uudeiatood;   but  the 

litive  electrons,  from  the  little  we  know  of  them,  seem  much 
Iter.  Perhaps  they  have,  btwidcs  iheir  electro-dynamic  mass, 
a  true  mechanical  niaas.  The  veritable  maaa  of  a  body  would,  then, 
he  the  sum  of  the  mechanical  maaaes  of  ila  positive  electrons,  t-he 
□egativo  electrons  not  c4>UDling;  mam  so  defined  could  still  Ixt  con- 
stant. 

Alas,  this  resource  also  evades  us.  Recall  what  we  have  said 
of  the  principle  of  relativity  and  of  the  efforts  made  to  save  it.  And 
it  ia  not  merely  a  principle  which  it  ia  a  question  of  saving,  such 
are  the  indubitable  results  of  the  experiments  of  Michclaon. 

LorentK  has  been  obliged  to  sup]H>se  that  all  the  forces,  what- 
ever be  their  origin,  were  affected  viith  a  coefficient  in  a  medium 
uumoted  by  a  uniform  translation;  this  is  not  sufficient;  it  is  still 
neoeoBaiy.  says  be,  that  the  maasett  of  all  the  pariiclea  be  influenced 
by  a  traMlation  to  the  same  degree  aa  the  electro-magnetic  mane* 
of  the  electrons. 

80  the  mechanical  maseee  will  vary  in  accordance  with  the  same 
lanit  as  the  electro-dynamic  nuiases;  they  cannot,  therefon*,  be  con- 
stant. 

Need  I  pouit  out  that  the  fall  of  the  principle  of  Lavoisier  ia- 
volvca  that  of  the  principle  of  Newton?  This  latter  signifies  that 
the  oeutre  of  gravity  of  an  isolated  system  moves  iu  a  straiglit  tine; 
but  if  there  is  no  longer  a  constant  mass,  there  is  no  longer  a  centre 
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of  gravity,  we  no  lunger  know  even  what  this  is.  This  is  why  I 
said  above  ihat  the  experiments  on  the  cathode  rays  appeared  to 
justify  the  doubte  of  Lorentz  on  the  subject  of  the  prJndpte  of 
Newton. 

From  all  these  results,  if  they  are  confirmed,  would  arise  an 
entirely  new  mechanitv,  which  would  Ix;,  above  all,  cliaracteriied  by 
this  fact,  that  no  velocity  could  surpass  tliat  of  light,  any  mure  Ihau 
any  tompcruture  could  fall  below  the  zero  absolute,  because  bodies 
would  oppoi^  an  increasing  inertia  to  the  causes,  which  would  tend 
to  accelerat-e  their  motion;  and  this  inertia  would  become  inftniK* 
when  one  approached  the  velocity  of  light. 

N'or  for  iin  oh8er\'ej-  carrieil  along  himself  in  a  traiislaLion  he 
did  not  suspect  could  any  api>aront  velocity  surpass  that  of  l^ht; 
there  would  then  be  a  contradiction,  if  we  recall  that  this  observer 
would  not  use  the  &amc  clocks  as  a  fixed  observer,  but,  indeed,  clocks 
marking  "local  time." 

llcre  we  are  then  facing  a  question  I  content  myself  nith  statiag. 
If  there  is  no  longer  any  mass,  what  becomes  of  the  law  of  NewtiuaT 

ftlaas  has  two  aspects,  it  is  at  the  same  time  a  coefficieiil  of  iner- 
tia and  an  attracting  mass  entering  as  factor  into  Newtonian  attrac- 
tiou.  If  the  coefficient  of  inertia  is  not  constant,  can  the  attracting 
muB  bc7   That  is  the  question. 

At  least,  the  principle  of  the  conservation  of  energy  yet  remains 
to  us,  and  this  seems  more  solid.  Shall  I  recall  to  you  how  it  was 
in  il-s  turn  itirowo  into  discredit?  Tliis  event  has  made  more  noise 
than  the  preceding  and  it  is  in  all  the  records. 

l-'roui  the  first  works  of  Becquerel,  and,  above  all,  when  the 
Curies  had  discovered  radium,  one  saw  that  everj'  radio-active  body 
was  au  inexhaustible  source  of  radiations.  Its  activity  would  Kcm 
(o  BubsiBt  without  alteration  throughout  the  months  and  the  year*. 
This  was  already  a  strain  on  the  princi]>les;  these  radiations  were  to 
fact  energ}',  and  from  the  same  uioisel  of  radium  this  issued  and  fur- 
ever  issued.  But  these  quantities  of  energy  were  too  slight  to  be 
meaaured;  at  least  one  believed  so  and  was  not  much  disquieted. 

The  scene  changed  when  Curie  bethought  himself  to  put  radium 
into  a  calorimeter;  it  was  seen  then  (hat  the  quantity  of  heat  in- 
eeaaantly  created  was  very  notable. 

The  explanations  propooed  were  numerous;  but  in  so  far  as  no 
one  of  them  has  prevailed  over  the  others,  \ve  cannot  be  eure  thero 
is  a  good  one  among  them. 

Sir  William  Kamsay  ha^i  striven  to  show  that  radium  ts  in  process 
of  transformation,  that  it  contains  a  store  of  energy  enonnous  but 
not  inexhaustible. 

Tlie  transformation  of  radium,  then,  would  prDduc«  a  miUJoa 
time»  rourc  of  heat  than  all  known  transformationa;  radium  would 
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wear  ilBelf  out  in  1250  years;  you  see  that  we  are  at  least  certain 
to  be  settled  on  this  point  some  hundreds  of  years  from  now.  While 
jvaiting  our  doubts  rcmain. 

In  the  midst  of  so  many  ruins  what  remains  standing?  The  prin- 
ciple of  least  action  has  hitherto  remained  intact,  and  Larmor  appears 
to  bvlicve  that  it  will  long  survive  the  others;  in  reality,  it  is  still 
more  vague  and  more  general. 

In  presence  of  this  general  ruin  of  the  principles,  what  attitude 
I     will  mathematical  physics  take? 

^H  And  first,  before  too  much  perplexity,  it  is  proper  to  ask  if  all  this 

^^B  really  true.    All  these  apparent  contradictious  to  the  principles  arc 

^Bli(^tit>tered  only  among  infinitesimals;  the  microscope  is  necessary 

to  see  the  tiron-nian  movement;  electrons  are  very  light;  radium  is 

jfery  rare,  and  do  one  has  ever  seen  more  than  some  mtlligrania  of 

at  a  time. 

And,  then,  it  may  be  asked  if,  beside  the  infmitenmal  seen,  there 
not  another  infioitesiuial  unseen  counterpoise  lo  the  first. 
So,  there  is  an  interlocutory  question,  and,  as  it  seems,  only 
cporiment  can  solve  it.    We  have,  therefore,  only  to  hand  over  the 
itter  to  the  experimenters,  and,  wliile  waiting  for  them  to  deteis 
line  the  question  finally,  not  to  preoccupy  ourselves  wiih  Iheee  dis- 
quieting problems,  but  quietly  continue  our  work,  as  if  the  princi- 
lc8  were  still  uncontested.    We  have  much  to  do  without  leaving 
le  domain  where  they  may  be  applied  m  all  security;    we  have 
enough  to  employ  our  activity  during  this  period  of  doubts. 

And  as  to  these  doubts,  is  it  indeed  true  that  we  can  do  nothing 
disembarra&s  science  of  them?   It  may  be  said,  it  is  not  alonf 
cperimental  physics  that  lias  given  birth  to  them;   mathematical 
lywcs  has  well  contributed.    It  is  the  experimenters  who  have  9een 
lium  throw  out  energy,  but  it  is  the  theorists  who  have  put  in 
lence  all  the  difficulties  raised  by  the  propagation  of  light  across 
> medium  in  motion:  but  for  these  it  is  probable  we  should  not  have 
come  conscious  of  them.    Well,  then,  if  they  have  done  their  best 
to  put  us  into  this  embarrassment,  it  is  proper  also  that  they  help  us 
to  get  out  of  it. 

hThey  must  subject  to  critical  examination  all  these  new  views 
have  just  outlined  before  you,  and  abandon  the  principles  only 
t«r  having  ma^le  a  loyal  effort  to  save  thejn. 
What  can  they  do  in  this  sense?    That  is  M-hat  I  will  try  to  cx- 
I     plain. 

^H  Among  the  moiit  interesting  problems  of  mathematical  phy^cs, 

^^f  is  proper  to  give  a  special  pl&cf  to  those  relating  to  the  kinetic 

theory  of  gases.    Much  has  already  been  done  in  this  direction,  but 

much  still  remains  to  be  done.    This  theory  is  an  eternal  paradox. 

ave  reversibility  in  the  premises  and  irreversibility  in  the  con- 
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clu^ons;  and  between  the  two  an  abyss.  Statistic  coosiderations. 
the  law  of  great  immbeni,  do  they  sulBoe  to  fill  it?  Many  pointa 
still  reinaio  obscure  to  which  it  ia  necessary  to  return,  and  doubtkat 
many  timea.  In  clearing  them  up,  we  shall  undentt&nd  belter  th« 
aenae  of  the  principle  of  Caruot  and  its  plaoe  in  the  eiuemble  of 
dynamics,  and  we  shall  be  better  armed  to  interpret  properly  the 
curious  experiment  of  Gouy,  of  which  I  spoke  above. 

Should  we  not  also  endeavor  to  obtun  a  more  satUfactory  theory 
of  the  electro-dynamics  of  bmlies  in  motion?  It  is  there  eapeclally, 
as  I  have  sufficiently  shown  above,  that  difficulties  accumulate. 
E^idently  we  must  heap  up  hypothosee,  we  cannot  satisfy  all  the 
principles  at  once;  heretofore,  one  has  succeeded  in  safeguarding 
some  only  on  condition  of  sacrificing  the  others;  but  all  hope  of 
obtaining  better  results  is  not  yet  lost.  Let  us  take,  therefore,  the 
Ihcori,'  of  Lorentz,  turn  it  in  all  senses,  modify  it  little  by  little,  and 
perhaps  evorj-thing  will  arrange  itself. 

Thus  in  place  of  supposing  that  bodies  in  motion  undergo  a  con- 
traction  in  the  sense  of  the  motion,  and  that  this  contraction  19  the 
same  whatever  be  the  nature  of  these  bodies  and  the  forces  to  which 
they  are  nthrnrisc  submitted,  could  we  not  make  an  hypothesis 
more  simple  and  more  natural? 

We  might  imagine,  for  example,  that  it  ia  the  ether  whieh  ia 
modified  when  it  is  in  relative  motion  in  reference  to  the  material 
mo<liiim  which  it  penetrates,  that  when  it  is  thus  modified,  it  no 
longer  transmits  perturbations  with  the  same  velocity  in  every  diree- 
tion.  It  might  transmit  more  rapidly  those  which  are  propagated 
parallel  to  the  medium,  whether  in  the  same  sense  or  in  the  opponte 
sense,  and  leas  rapidly  those  n-hich  are  propagated  perpendicularly. 
The  wave  surfaces  would  no  longer  be  spheres,  but  ellipsoids, and  we 
could  dispense  with  that  extraordinary  contraotion  of  all  bodies. 

I  cite  that  only  aa  an  example,  since  the  modifications  one  might 
essay  would  be  evidently  susceptible  of  infinite  variation. 

It  is  possible  also  that  the  Dstronoroer  may  some  day  furnish  us  data 
on  this  point;  he  it  was  in  the  main  who  raiaed  the  questtoa  Is 
mak)ngu3ac<]uainted  with  the  phenomenon  of  the  aberration  of  light, 
If  we  make  crudely  the  theory  of  aberration,  we  reach  a  very  curious 
result,  The  apparent  positions  of  the  stars  differ  from  tln'ir  real 
positions  because  of  the  motion  of  the  earth,  and  as  this  motion  U 
variable,  these  apparent  poeitiona  vary.  The  real  jiosition  we  eannol 
know,  but  we  can  obserx'c  the  variations  of  the  apparent  position. 
The  ohservations  of  the  aberration  show  us,  therefore,  not  the 
movement  uf  the  earth,  but  the  variations  of  this  movement;  tit^ 
cannot,  therefore,  give  us  Information  about  thr  abHolut4>  mntion 
of  the  earth.  At  least  this  is  tr\ie  in  first  appmximalJon,  hut  it 
would  be  no  longer  the  aamc  if  we  could  appreciate  the  thousKndlhii 
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of  a  B«cond.   Tli«n  H  would  be  »eeo  that  the  amplitude  of  the  oftcil- 

.Ution  depends  not  alone  on  the  variation  of  the  motion,  variation 

[which  is  well  known, since  it  ta  the  motion  of  our  globe  on  its  elliptic 

)rUt,  but  on  the  mean  value  of  this  motion;  so  that  the  constant  of 

ration  would  not  be  altogether  the  aame  for  all  the  slara,  and  the 

sncea  would  tell  us  the  absolute  motion  of  the  earth  in  space. 

This,  then,  would  be,  under  another  form,  the  ruin  of  the  prin- 

nple  of  rplatixnty.     We  are  far,  it  is  tnie,  from  appreciating  the 

thousandths  of  a  second,  but  after  all,  say  some,  the  total  absolute 

velocity  of  the  earth  may  be  much  greater  than  its  relative  velocity 

,  with  reapect  to  the  sun.    If,  for  example,  it  were  300  kilometers  per 

'second  in  piare  of  30,  this  would  suffice  to  make  the  phenomena 

observable. 

I  believp  that  in  reasoning  thus  we  admit  a  too  simple  theory 

lof  ab«*rration.    AtinhelHon  has  shown  os,  I  have  told  you,  that  the 

[physical  procedures  are  powerless  to  put  in  evidence  abeolute  mo- 

jtion;   I  am  pentuaded  that  the  same  will  be  true  of  the  astronomic 

procedures,  however  far  one  pushes  precision. 

However  that  may  be,  the  data  astronomy  will  furnish  us  in 

this  regard  will  some  day  be  precious  to  the  phyacist.    While  waJt- 

ling,  I   holieve  the  ihoorists,  recalling  the  experience  of  Michclsnn. 

may  anticipate  a  negative  result,  and  that  they  would  accomplish 

\a  useful  work  in  constructing  a  theory  of  aberration  which  would 

I  explain  this  in  advance. 

But  let  ua  come  back  to  the  earth.  There  also  we  may  aid  the 
exx>erimenteni.  We  can,  for  example,  prepare  the  ground  by  study- 
ing profoundly  the  dynamics  of  electrons;  not,  be  it  understood, 
:  in  starting  from  a  single  h>'pothe8is,  but  in  multiplying  hypotbesee 
as  much  as  possible.  It  will  be,  then,  for  the  physicists  to  ntjlixe 
our  work  in  seeking  the  crucial  experiment  to  decide  between  these 
different  hypotheses. 

This  dynamics  of  electrons  can  be  approached  from  many  aides, 

[but  among  the  wa^'s  leading  thither  is  one  which  has  been  somewhat 

'neglected,  and  yet  this  is  one  of  those  which  promise  us  most  of  but- 

prises.    It  is  the  movements  of  the  electrons  which  produce  the  line 

[of  the  emission  spectra;   this  is  proved  by  the  phenomenon  of  Zee- 

[inann;  in  an  incandescent  body,  what  vibrates  iu  sensitive  to  the 

Imagiiet,  therefore  electrified.    This  is  a  very  important  first  point, 

but  no  one  has  grme  farther;    why  are  the  lines  of  the  spectrum 

distributed  in  acconlance  with  a  regular  law? 

These  laws  have  been  studied  by  the  experimentcra  In  their  least 

[details;  they  are  very  precise  and  ralativoly  simple.  The  first  study 

of  these  distributions  recalled  the  harmonics  encountered  in  acouft- 

Itioa;  but  the  difference  is  great.  Not  only  the  nunihere  of  vibrations 

[arc  not  the  sueoeeejve  multiples  of  one  number,  but  wo  do  not 
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even  find  anything  analogous  to  the  roots  of  those  traii&ocndeutal 
equttUons  to  which  so  many  problems  of  mathematical  physics  ood- 
duct  us:  that  of  the  vibrations  of  an  elastic  body  of  any  form,  that 
of  the  Hertzian  oscillations  in  a  generator  of  any  fonn,  the  problem 
of  Fourier  for  the  cooling  of  a  solid  body. 

The  laws  are  simpler,  but  they  are  of  wholly  other  nature,  and  to 
cite  only  one  of  these  differences,  for  the  harmonics  of  high  order 
the  number  of  vibrations  tends  toward  a  finite  limit,  instead  of 
increasing  indefinitely. 

That  has  not  yet  been  accounted  for,  and  1  believe  that  there  wr 
have  one  of  the  moot  important  secrets  of  nature.  Undemanu  bar 
made  a  praiseworthy  attempt,  but,  to  my  mind,  without  success; 
this  attempt  should  be  renen'od.  Tlius  we  shall  penetrate,  so  to  say, 
into  the  inmost  recess  of  matter.  And  from  the  particular  point  of 
view  which  we  to-day  occupy,  when  we  know  why  the  vibratione 
of  incandescent  bodies  differ  from  ordinary  clastic  vibrations,  why 
the  electrons  do  not  behave  themselves  like  the  matter  which  is  faaiiUar 
to  us,  we  shall  better  comprehend  the  dynamics  of  electrons  and 
it  will  be  perhaps  more  easy  for  us  to  reconcile  it  with  the  princi- 
ples. 

Suppofie,  now,  that  all  these  efforU  fail,  and  after  all  I  do  not 
believe  they  nill,  what  must  be  done?  Will  it  be  neceasary  to  seek 
to  mend  the  broken  principles  in  giving  what  we  French  call  a  coup 
de  p<mce  t  That  is  evidently  always  pos^blc,  and  I  retract  noihing 
I  have  formerly  said. 

Have  you  not  «iittcn,  you  might  say  if  you  wished  to  seek  a 
quarrel  with  me,  have  you  not  wiittcn  that  the  principles,  though  ai 
experimental  origin,  are  now  unassailable  by  experiment  bccausr 
they  have  become  conventions?  And  now  you  have  just  told  us  the 
most  recent  conquests  of  experiment  put  these  principles  in  danger. 
Well,  formerly  I  was  right  and  to-day  1  am  not  wrong. 

Formerly  1  was  right,  and  what  is  now  happening  is  a  new  proof 
of  it.  Take,  for  example,  the  calorimeter  experiment  of  Curie  on 
radium.  Is  it  possible  to  reconcde  that  with  the  principle  of  the 
oonservatioa  of  energy? 

It  has  been  attempted  in  many  ways;  but  there  is  among  thrm 
one  I  should  like  you  to  notice. 

It  has  b«en  conjectured  that  radium  was  only  an  interawdiary, 
that  it  only  stored  radiations  of  unknown  nature  which  Qaabcd 
through  space  in  every  direction,  traversing  all  bodies,  save  radium, 
without  being  altered  by  this  passage  and  without  oxcrctsang  any 
action  upon  them.  Kadium  alone  took  from  Uiem  a  UttJe  of  their 
energy  and  afterward  gave  it  out  to  us  in  divers  forms. 

What  an  advantageous  explanation,  and  how  convenient!  Pint, 
it  is  unverifiable  and  thus  irrefutable.    Then  asaio  It  will  servo  to 
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account  for  any  derogation  whatever  to  the  principle  of  Mayer;  it 
responds  in  advance  not  only  to  the  objection  of  Curie,  but  to  all 
Uhc  objections  that  future  experimenters  might  accumulate.  This 
new  and  unknown  enerf^y  would  serve  for  evcrj'thing.  This  is  just 
what  I  have  said,  and  we  are  thereby  shown  that  ovir  principle  is 
unaaaailablc  by  experiment. 

And  after  all,  what  have  wc  gaine<i  by  this  coup  de  jmuce  t 

The  principle  is  intact,  but  thenceforth  of  what  use  is  it? 

tt  permitted  ue  to  foresee  that  in  such  or  such  circumstance  we 
could  count  on  such  a  total  quantity  of  energy;  it  limited  us;  but 
now  where  there  is  put  at  our  disposition  this  indefinite  provision  of 
new  energy,  wc  arc  limited  by  nothing;  and  as  I  ha\'e  written  else- 
where, if  a  principle  ceaaca  to  be  fecund,  experiment,  without  con- 
tradicting it  directly,  will  be  likely  to  condemn  it. 

This,  therefore,  is  not  what  would  have  to  be  done,  it  would  be 
I  necessary  to  rebuild  anew. 

If  we  were  cornered  down  to  this  necessity,  we  should  moreover 

[console  ourselves.    It  would  not  be  neceseaiy  to  conclude  that  science 

can  weave  only  a  Penelope's  web,  that  it  can  build  only  ephemeral 

constniotions,  which  it  is  soon  forced  to  demolish  from  top  to  but* 

torn  with  itfl  own  bands. 

As  I  have  aaid,  we  have  already  passed  through  a  like  crisis.  I 
have  shown  you  that  in  the  second  mathematical  physic-s,  (hat  of 
the  principles,  we  find  traces  of  the  first,  that  of  the  central  forces; 
it  will  be  just  the  same  if  we  must  learn  a  third. 

When  an  animal  exuviatee,  and  breaks  its  t^oo  narrow  carapace  to 
make  itself  a  fresh  one,  we  easily  recognize  under  the  new  envelope 
it]ie  essential  traits  of  the  organism  which  have  existed. 

We  cannot  foresee  in  what  way  we  are  about  to  expand;  perhaps 
<  it  is  the  kinetic  theory  of  gases  which  is  about  to  undergo  develop- 
ment and  ser\'0  as  model  to  the  others.  Then,  the  facta  which  first 
appeared  to  us  as  simple,  thereafter  will  be  merely  results  of  a  verj' 
great  number  of  elementary'  facts  which  only  the  laws  of  eliancc 
make  cooperate  for  a  common  end.  Physical  law  will  then  take  an 
entirely  new  aspect;  it  will  no  longer  be  solely  a  differential  e<iuation, 
it  will  take  tho  character  of  a  statistical  law. 

Perhaps,  likewise,  we  should  construct  a  whole  new  mechanics, 
of  which  we  only  succeed  in  catching  a  glimpse,  where  inertia  increas- 
ing with  the  velocity,  the  velocity  of  light  would  become  an  impasB- 
able  limit. 

The  ordinary  mechanics,  more  simple,  would  remain  a  first  approx- 
imation, since  it  would  be  true  for  velocities  not  too  great,  ao  that  we 
should  still  find  the  old  dynamics  under  the  new. 

We  should  not  have  to  regret  having  believed  in  the  principles, 
and  even,  sncc  velocities  too  great  for  the  old  formulas  would  alA'a>*3 
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be  only  exceptional,  the  surest  way  in  practice  would  be  stUl  to  act 
as  if  we  continued  to  believe  in  them.  They  are  so  useful,  it  would  be 
necessary  to  keep  a  place  for  them.  To  detennine  to  exclude  them 
altogether  would  be  todepriveone'sself  of  aprecious  weapon.  Ihasten 
to  say  in  conclusion  we  are  not  yet  there,  and  as  yet  nothing  proves 
that  the  principles  will  not  come  forth  from  the  combat  victorious 
and  intact. 
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